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Annual Report of the Board of Scientific 
Advice for India, 1916-1917. 


SUMMARY OF PROCEEDINGS. 


‘Thirty-second Meeting held at Simla on the 14th May 1917. 


‘The Board considered and accepted the programmes of the various Scienti- 
fic Departments for the year 1917-18. A 

Tt was resolved that in future the programmes submitted to the Board 
should be as brief as possible, and that the provincial programmes of the 
Agricultural Department are not required by the Board. 

‘The question of the Annual Report of the Board was also discussed and 
it was decided that it should consist of a brief statement of work done in each 
Department with a complote list of yens's publications bearing on the subject. 

"The Board consideved a letter from the Surveyor-General of India, sub- 
mitting a roport of the meeting of the Science Congress held at Bangalore 
on the Scientific Libraries in India. As it, was understood that the Govern- 
tment of India in the Education Department were taking the necessary steps, 
this report was recorded. 

"The question of the re-organisation of the Board was then considered, 
‘Phe Board was of opinion that at present the only change necessary is the 
addition to its members of a representative of the Munitions Board. Tt was 
Also resolved that for the puzpose of particular investigations sub-committees 
Should be appointed consisting of such members of the Board as are called 
by the President, and that membership of these sub-committees need not be 
confined to members of the Board. 











‘Thirty-third Meoting held at Delhi on the 19th November 1917. 

‘The dratt Annual Report of the Board for 1916-17 was considered. Tt 
was tesolved that the lists of publications should be transferred to the end 
Wrthe volte, In othor respects the Board approved the report and decided 
that fa future the Seotional Reports should not exceed 4 pages, apart from the 
Bibliography. Col. Pease suggested that resumés of articles mentioned in 
the Bibliography which are likely to be of use to Veterinary officers in the 
Glutriets, be published half-yearly. It was decided that this suggestion le 
passed on to the Agricultural Adviser to the Government of India. 

Teva teaolved that the President and the Secretary should be authorised 
to dispose of questions of change in the Distribution List, and that it is 
‘unnecessary to print and circulate the list. 
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APPLIED CHEMISTRY. 


PART I.—AGRICULTURAL CHEMISTRY 


BY 
W. A. DAVIS, B.Sc., A.C.C.L, F.8,, 
Officiating Imperial Agricutturad Chemist 





SOILS. 


Assam soils.—Meggitt reports that permanent field experiments as to 
the economic use and effect of certain manures on the sour old alluvial soils of 
‘the Assam valley have been continued in their Gth year, Certain well marked 
results may now be dealt with. 





(1) The paramount importance of a base preferably as lime or as 
calcium carbonate. Even complete mixtures of manures are 
devoid of effect unless the soil acidity is first more or less 
completely neutralised. 

(2) For the best results certain crops require that in certain soils the 
acidity shall be more completely neutralised than in others. ‘The 
degree and depth to which soil acidity is neutralised depends 
on the depth of cultivation and of course on the amount of lime 
applied. In determining the amount and depth of lime applica- 
tion the three chief factors to be considered are (a) the lime re~ 
quirements of the soil as indicated by laboratory methods ; (b) 
the rooting habits of the crop ; (¢) the erop’s relative immunity 
to acidity, particularly in the early stages of growth. 

(3) Next to the addition of a base, phosphoric acid is the element of 
plant food most required by these soursoils. Thisis best applied, 
notas superphosphate unless in conjunction with liming, but in 
a basic form such as basic slag or certain raw mineral phos 
phates, some of which give results comparable to those of 
basic slag. In the absence of phosphoric acid in the mixture, 
even on limed plots, the effect of adding potash or nitrogen is 
extremely small. 

(4) The continued use of superphosphate or sulphate of ammonia on 
unlimed land is absolutely detrimental to most farm crops and 

= even when lime is applied the use of sulphate of ammonia rather 
than nitrate of soda is clearly uneconomical. 
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Bihar.—Davis has drawn attention to the extraordinarily low values of 
available phosphate in the soils of many indigo estates in Bihar; in the 
majority of these the available phosphate is of the order 0:0002 to 0-0005 per 
ceut., that is from 1-50th to 1-20th, the amount generally regarded as necessary 
for fertility (0-01 per cent.). It is shown that the diagnosis of phosphatic 
deficiency revealed by analysis is confirmed by actual manurial trials, For 
example on the Pusa experimental plots, where the addition of superphosphate 
alone gives practically the same result as farmyard manure containing the 
‘same amount of phosphoric acid, addition of nitrogen or potash without super- 
phosphate has little effect and even when applied in conjunction with super~ 
phosphate, they do not increase the yield beyond that reached with super- 
phosphate alone. On the other hand at Pusa green manuring combined 
with superphosphate gave far higher results than either superphosphate alone 
or green manure alone. It is suggested that the phosphate deficienoy in the 
Bihar soils limits the crop not merely by withholding an essential constituent 
of growth but also by preventing the proper development of soil bacteria for 
the nutrition of which a phosphatic medium is necessary. 





A systematic survey of the soils of Bihar is being undertaken and manurial 
experiments with superphosphate are being made on several indigo 
estates. 


Bengal.—Finlow reports that a soil survey of the province has been 
commenced in the laboratory at Dacea and interesting results are already 
accruing. The red laterite clay soils of the old alluvium in Eastern Bengal 
show a striking lack of lime and phosphate and while the total potash averages 
asmuch as 0'8 pr cent. itis practically unavailable until lime has been applied. 
Field tests have shown that without either application of potash manures or 
very heavy general manuring jute suffers from Rhizoctonia in these soils if 
grown oftener than once in 8 years, even on land which has been limed. 

‘The soils of those tracts of the new alluvium, which receive the silt of the 
great rivers are much richer than the red soils. ‘They contain little or no free 
carbonate but they are very rich in total potash, some containing over 1 per 
cent, of this constituent. This is in striking contrast to the red soils and pro- 
ably accounts for the excellent crops of jute which they grow year after year. 
On the other hand they aro normally deficient in phosphoric acid, so that 
possible deterioration of the soil from depletion of this constituent should be 
watched, 

The portions of the new alluvium, e.g., Rangpur (North Bengal) and Raj- 
shabi (West Bengal) which are not inundated by the annual river floods are 
inclined to be sandy in the high lands. They differ considerably from each 
other both in potash content and in lime ; some of the soils contain very 
little of the former constituent, others are richer. Some soils contain up to 
3 per cent. of calcium carbonate, in others it is almost absent. All these soils 
are normally deficient in phosphoric acid. ‘These soils often overlie the red 
soil at no great depth, ey., at Jamalpur (Mymensingh), 





° 
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Biochemical factors in reclamation of alkali soils.—Bares has 
published an important paperon thissubject. Hehas made use of the methods 
Suggested by Hutchinson for measuring the biochemical activity of saline 
toils ag a means of following the changes in salt-soils during the process of 
reclamation by washing. ‘The barrenness of salt soils is probably due to the 
high osmotic. pressure of the soil solution in such cases due to dissolved sats. 
‘This osmotic pressure interferes with the bacterial activity more or less propor 
tionately to its plasmolytie effect on the cells of the living plant. The measure- 
ments of bacterial activity therefore can be used as a rapid method of recogniz- 
inng the necessity in the caso of saline soils of special treatment to impart 
fertility and also as a means of gauging the exact amount of washing necessary 
before such treated lands are put under crops. Several interesting points 
arise from these experiments, particularly the fact that in salt soils the 
nitrifying organisms are present but are in a dormant condition. Washing of 
‘the soils is followed by increased nitrification. ‘The ammonifying organisms 
appear to be more resistant to saline matter than the nitrifying organisms 9 
that in certain sterile patches considerable ammonification may occur 
without any corresponding transformation into xitrates. Actual data are 
given showing the improvement of biochemical character of the soil during 
successive stages of reclamation, 


Infertility under trees.—It is well known that trees often yive rise to 
infertile patches in their neighbourhood. Several causes may co-operate ¢0 
this end and the question has been discussed in some detail by Son. Tt is 
shown that several trees especially the bamboo and tamarind bring about a 
concentration of soluble salts in the upper layers of the soil in their neish= 
Lourhood probably owing to transpiration, As a rule “good ” soils in the 
neighbourhood of trees, that is soils which were still relatively fertile, were 
tenerally found to contain less than 0-8 per cent. of soluble salts, but bed 
foils, where growth was poor, often contained more than 0-5 per cent. ‘The 
natuce of the soluble salts, however, greatly modifies the effect in limiting: 
fertility. 


‘The connection between Soil Deficiency and Plant and Animal 
Disease,—Finlow reports that at Dacca the incidence of Rhizoctonia in 
jute appears to be associated with lack of potash. Part of land which 
had grown jute for 2 years was manured with potash and part. was, net 50 
treated. In the former, w! i 
























ich received potash the jute remained healthy 
and in the latter the plants are dying out wholesale from Rhizoctonia. These 
eaults confirm similar observations made during the past 3 years. 

Davis has attributed mainly to phosphate starvation the ravages of the 
so-called “wilt” disease of indigo in Bihar and suggests that this same 
tease, by influencing the composition of the fodder grown thereon, may be 
teaponsible forthe low mill yield of cattle in this province and the prevalence 
sf pervous diseases euch as Kumri in horses. It is suggested that the latter 
{s really a deficiency disease, similat in its nature to ber-beri, seuryy, pellayra 
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and polyneuritis. This explanation is in harmony with Macalister’s recent 
work at Muktesar on this disease which shows that all previous theories as 
to a causal agent are unsatisfactory. Macalister concludes in fact that the 
‘causal agent must be sought for in the forage. From Sen's recent analyses 
it appears that the rices of Bihar are deficient in phosphoric acid as com- 
pared with xice grown on soils containing a larger proportion of phosphate 
and are thus lacking in a very essential element of nutrition. ‘This deficiency 
constitutes a possible danger in the future and may lead to the spread among 
inhabitants of certain deficiency diseases such as beri-beri which are ap- 
parently due to malnutrition, 





The connection existing between soil composition and the spread of fungal 
pestsis a subject which hitherto has hardly received sufficient attention in 
India but undoubtedly should be studied carefully in the future. Tt is well 
Jmown in the case of English crops that diseases such as rust will develop in 
wheat on plots where there is starvation of one essential constituent such as 
potash or phosphoric acid, whereas on completely manured plots although 
immediately alongside there is practically no disease. In other cases such 
-48 root crops or potatoes, fungal diseases appear when the proportion of 
potash or phosphoric acid to the nitrogen in the soil is low so that there is 
an abnormal metabolism in the plant. ‘The same tendeney to fungal disease 
is found in the Rothamsted grass plots which receive nitrogen but no potash. 


‘The view that soil depletion may also tend to spread the ravages of insect 
pests appears very probable not only on general grounds but also in view of 
recent experience in India. ‘Thus Andrews has recently associated the mos- 
‘quito blight of tea with a high ratio of phosphoric acid to potash in the soil and 
has stated that when in certain gardens the ratio of potash to phosphoric 
acid was high mosquito blight was unknown, but that it has gradually 
inoreased as the ratio between the two available constituents decreased. In 
‘the case of indigo in Bihar the spread of the Peylla pest has become very 
marked in recent years and the ravages of the insect seem to have increased 
simultaneously with the spread of the so-called “ wilt,” which is neither a 
bacterial nor fungal disease and is probably essentially starvation of the 
plant due to the abnormal deficiency of Bihar soils in available phosphate, 





‘That the deficiency of one constituent in the soil may render a special 
plant grown on it more susceptible to fungal or inseot attack than the same 
plant grown in a normal soil can easily be understood when the special 
importance of one or other of the elements of the soil solution in the plant's 
metabolism is recalled. A relative deficiency of one element would result in 
an abnormal metabolism and possibly the production of some substance (such 
as indole in the indigo plant) which exercises a strong attraction for the insect 
or fungal pest or the lack of production of some protective prineiple which 
renders the healthy plant more or less immune to attack. There is a wide 
field for work on the connection existing between the chemical ond physical 
character of soils and the nature of plant diseases prevalent thereon, 
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Soil analysis. —Sen has drawn attention to the lowering in the values 
for available phosphate in soils as determined by Dyer’s method which occurs 
when inereasing proportions of calcium carbonate are added. ‘This falling 
Dif is no doubt mainly to be attributed to the neutralization of the citric 
eid, which takes place in stages as the successive carboxyl groups are affected; 
the maximum effect is seen when 5 to 10 grms. of calcium carbonate are added, 
that is towards the completion of the neutralization, but the effect persists 
‘even when more than sufficient calcium carbonate is present for complete neut~ 
ralization, probably owing to an adsorption effect. Attention is drawn to 
the difficulty which these facts present to accepting available phosphate 
values in the case of highly calcareous soils. But, as the writer has pointed 
out in a note to this paper, it is actually in the cuse of calcareous soils that 
Dyer's method as a rule gives the most useful practical diagnostic indications. 
‘This is probably due to the fact that in such cases the action of the soil acids 
produced by bacterial or other influences, in liberating “ available” phos- 
phate in the soil, is most interfered with owing to neutralization. | So that 
There still is a parallelism between the low values for available phosphate 
obtained by Dyer’s method and the actual amount of phosphate available for 
food in the soil. Tt is actually found in practice that those caleareous soils 
which give the lowest values for the available phosphate by Dyer’s method, 
dre the most responsive to manuring with superphosphate, So that Dyer's 
inethod, whether it is an absolute measure of the “ available” phosphate or 
only an indication of the neutralization ofthe soil acids which bring phosphate 
Sate olution, as avule remains one of the most useful practical methods of 
judging soil fertility. 











MANURES. 


Finlow reports that investigations as to the possiblity of utillaing the 
Water Hyacinth (Bichornia erassipes), which is a serious pest, in Bengal 
Burma, Madras, the Malay States, Cochin China, Austtalia and Byypt, have 
shown that a portion of the cost of eradication can be recovered by making 
ve of ash of the burnt plant as a potash manure. Some samples of the ash 
ofthis plant contain as much as 35 per cent, KO as potassium cblorie, that 
fs equivalent to first class kelp minus the iodine of the later, The mininynny 
‘of K,0 found in the ash is about 10 per cent, In field tests at Dacea in 1016, 
the ‘ash applied in equivalent quantities was found to exercise the same 
Extraordinary favourable effect on jute as salts of potash have heen shown 
to possess, and the plots which received potash yielded 25 per cent. nore 
Teethosg not so treated. Messrs. Shaw Wallace offer to buy any quantity of 
the ash at a price of 4 per unit of potash and in January 1917, 10,000 Tealets 
wae geued im Bengali containing information to this effect. In the succeed: 
ing six months about 270 tons of ash have been produced by the public and 
sae e g manture. This reptesents a destruction of about 27,000 tons of 
green plant. 
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WATER SUPPLY. 


Bames has published work on the chalybeate waters from tube wells in 
the Punjab and their significance to the municipal engineer and manufacturer, 
‘The presence of iron in such waters is attended by several grave disadvantages. 
Although the iron, even in the more heavily impregnated. waters, is unlikely 
detrimentally to affect the public health, the turbidity of the water and the 
constant staining of glass and other vessels used for storage, leads to uncasi- 
ness on the part of the publio as to its purity and suitability for drinking pux- 
poses. In the bleaching and dyeing of cotton and also in paper manufactnxe 
‘the presence of iron is highly objectionable, Of all the methods for the xe~ 
moval of iron the Candy filter appears to be the most suitable in Northern 
India, Its maintenance cost is low, no precipitant is needed and it can be 
easily cleaned. Oxidation is effected by means of a layer of“ onidium,” 
a catalytic oxidizer, consisting of a porous composition of iron oxide, silica, 
lime and magnesia. ‘The bacterial efficiency of this filter is also satisfactory. 
In the Punjab well-waters Barnes has identified the following bacteria :-— 
(1) Leplothria ochracea, (2) Gallionella ferruginea, (3) Spirophyllum ferru- 
gineum, (4) Crenothri« polyspora, 


SUGAR. 


Cane sugar.—Barnes has published an interesting paper on the after- 
ripening of the cane and the chemical changes which take place after cutting. 
Storing, cut cane before crushing tends to further ripening but is attended 
with danger of losing sugar if the storage is too prolonged. The length of 

ime during which cane can be stored without causing loss of sugar and in 
which an actual increase of saccharose from reducing sugar takes place, will 
vary with the temperature of the air and the condition of the cane. ‘The 
higher the temperature the shorter should be the time of storage. Excessive 
cold’on the other hand, or a sudden fall of temperature may also cause a loss of 
saccharose. ‘The Javit system of covering cut cane with damp trash is to 
keep the stem alive. By this treatment the cane will be maintained at a 
uniform temperature and beingina moist atmosphere will not lose water. For 
a limited time there should be an increase rather than a decrease in the 
saccharose content of the cane. On the other hand moist heat will not only 
increase the moulds, fungi and bacteria, all of which bring about ‘rapid 
destruction of sugar, but, oncethe cell is dead, will induce rapid decay of the 
cell contents by enzymic action. 

‘Venkataraman and Krishnamurthi Row have studied the variation in the 
saccharose content in successive cane joints at different periods of growth. 
‘Their analyses show that in a very immature cane the highest sucrose content 
is found in the lowest section but as the cane advances in maturity the region 
of highest saccharose content gradually moves upwards. When a cane is left 
sgowingin the ground after it has attained maturity it shows rapid deterioration 
‘at the basal joints. ‘The highest saccharose reading obtained by sectional 





APPLIED CHEMISTRY—AGRICULTURAL, u 


analyses of any particular variety probably represents the highest saccharose 
content that the variety is capable of containing under the given conditions 
and to this value the name “ sucrose index ” of the cane is given, Tt appears 
to be fairly constant for each variety or seedling and will enable a comparison 
to be made between different seedlings even when they are immature, 


Palm sugar,—Annett has obtained some important practical results in 
the course of his study of the palm sugar industry. ‘The usual country method 
of smoking the pots before placing them to catch the juice has a distinctly 
beneficial effect in preserving the juice, the saccharose of which is very liable 
to undergo inversion by enzymes and micro-grganisms and so yield a prodnet 
which does not readily crystallize. ‘The Bengal tapper wastes practically 
the whole of the juice which falls from the tree during the day time as duri 
this period the temperature is high and the juice undergoes so much invei 
that it fails to yield a good crystalline sugar. By the simple device of rubbing 
the inside of the pots with lime cream however, the inversion can almost e 
tirely be prevented and the sugar obtained from the limed gur is much whiter 
than from ordinary gur, By adopting this practice the cultivator would 
inerease the outturn of gur by more than 20 per cent. When date palm juice 
is kept in pots which have been limed, the proportion of non-crystallisable 
sugars greatly diminish 

‘The dark colour of date palm gu is largely due to the fact that the fresh 
juice is alkaline. When the juice is concentrated the alkaline matters act: on 
the reducing sugars, especially the levulose, and give rise to datk coloured 
substances. If the juice is very slightly acidified before boiling « perfectly 
light coloured yur is obtained. 

















OPIUM. « 


Much work has been accomplished duxing the past year at Cawnpore hy 
Leake and Arnett on the improvement of Indian opium. Only the chemical 
results of this investigation, obtained by Annett, will be referred to in thi 
place. The object aimed at has been to find out the cause of the low morphi 
content of Indian opium which largely prevents its use in the manufacture 
of the opium alkaloids for medical purposes. ‘The results 60 far obtained may 
Le briefly summarized. 





(1) The mineral manures, nitrate of soda, superphosphate and sul- 
phate of potash have shown no effect in modifying the alkaloidal 
content, but at the same time nitrate of soda gave large increases 
in the total opium. Superphosphate exercises a marked bene- 
ficial effect in encouraging growth in the early stages, 

{2) Climate and altitude seem to exercise no effect on the alkaloidal 
content of the opium, as judged by experiments with the same 
pure race of poppy grown in the plains and at various stations 
in the Himalayas. 
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(8) Different races of poppies show important differences in their 
alkaloidal content, 

(4) Much work has been done in the direction of devising accurate polari- 
metric methods for the estimation of morphine and codeine in 
opium, 


JUTE. 


Finlow has made a special study of the “ heart-damage ” of baled jute 
which shows that the damage arises from baling the jute in too damp a con- 
dition, Genuine jute cannot absorb sufficient moisture in a legitimate way 
to enable it to undergo “ heart-damage ” which occurs in 400 Ib. bales only 
when they contain more than 25 per cent. of moisture. In smaller bales 280 
Ib, where the pressure is less, over 30 per cent. of water is necessary for 
“heart-damage ” to occur, 

Heart-damage takes place first at the centre of the mass of fibres in which. 
it occurs and is accompanied by a rise of temperature of the bale to over 40°, 
Tt is caused by bacteria the optimum temperature of which is about 40°, and 
cultures have been obtained from damaged jute which produce all the typical 
effects of “‘heart-damage.” ‘The damaged fibres lose all tensile strength 
and are therefore useless for spinnning ; chemically over 80 per cent. of the 
cellulose is destroyed by the fermentation. 





MISCELLANEOUS. 


Enzymes of red gram.—B. Viswanath has published « paper on the 
enzymes of germinating red gram (Cajanus indicus) which shows that an 
aqueous extract of germinated dholl contains eteptase, amylase, cytase, 
rmaltase, invertase, lipase, urease and an oxidase. No peptaso is presont in 
the normal seed and the hydrolysis of the reserve protein takes place at a 
muuch later stage in germination, Whether this hydrolysis is due to proto- 
plasmic activity or to the secretion of a separate enzyme is still doubtful. 

‘Mills supply.—Warth has published a bulletin on the Mandalay milk 
supply, with detailed analyses, which show serious adulteration in some cases 
with 8 times its weight of water. At the present time the price charged 
for most of the milk: is excessive compared with its real value and it is. recom- 
mended that the Co-operative Department take steps to put the supply ona 
better basis, 

Feeding Stufts.—Sen has has prepared a Bulletin (No. 70 of the Agricul- 
tural Research Institute, Pusa), summarising the analyses of numerous feeding 
stufis received of recent years in the Laboratory of the Imperial Agricultural 
Chemist, Pusa. This should be useful to those maintaining cattle and horses 
as it gives data for the feeding values of most of the Indian feeding stuffs. 
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APPLIED CHEMISTRY. 


PART I.—FOREST CHEMISTRY 
By 


PURAN SINGH, F.CS. 


Chemical Adviser to Forest Research Inelitule. 





‘The following is a brief account of the more important work carried out 
by the Chemical Department of the Forest Research Institute during the year 
1916-17. 





ESSENTIAL OILS AND OLEO-RESINS. 


Boswellia serrata gum-resin and its products.—:t has already been 
shown that the Boswellia turpentine and resin are valuable products, Some 
work was done during this year to suggest new industrial uses for the gum 
which is a bye-product of the Boswellia tuxpentine distillation, ‘The Chemical 
Adviser has suggested that it would be useful material in the paper mills for 
sizing purposes. ‘This suggestion having been further confirmed by Mr. W. 
Raitt, the Cellulose Expert to the Institute, a sample of 100 Ibs. of the gum 
has been sent by the Forest Economist to Titagarh Papermills for a trial, 

The oil of Blumea Malcolmii.—As mentioned in the last year's report 
this new oil was under study, A study of its chemical constituents has now 
een completed. ‘There is no Pulegone in the oil us was shown by the 
preliminary work. ‘The main constituent of the oil is Dextro-carvone with 
‘small quantity of menthone. A paper on the subject is under prepara! 

The oil of Skimmia Laureola,—An essential oil of some value has been 
distilled from the green leaves of Skimmia laureola during the year. It is 
also a new oil and the study of its chemical constituents is in progress. 

Distillation of Cymbopogon species from Burma.—The samples of 
Burma Cymbopogon grasses wore received from Burma and distilled during the 
year. The following table gives the precentage of oil obtained and their 
constants. 
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From these constants it is evident that the oils from Burma Cymbopogon are 
‘0 be classed with the Indian Ginger grass oil or Sophia variety of Rusha oil. 
Further work on the identification of its constituents is in progress in the 
Laboratory. 

‘The Distillation of Stockholm-Tar.—A good deal of work has been 
done on the distillation of the * stockholm-tar ” of commerce from the twisted 
chi (Pinus longifotia) wood of Kumaun. ‘The tar as obtained by the closed- 
retort process in Kumoun has been shown to be of exactly the same composi- 
tion as.the imported stockholm-tar. ‘The tar distilled by the dry-distillation 
cof wood at the Forest Research Institute is slightly different from the * stook- 
holm-tar” which is distilled ini kilns in as much as it does not contain the 
excess of undecomposed rosin which is considered an essential ingredient of 
“ stockholm-tar ” for certain industrial purposes and is darker in colour than 
the latter. The kiln process is however not applicable to woods with 
low percentage of resin in them, Work is still in progress in order to 
ascertain some cheap way of distilling the wood on a large scale in situ, 
for the production of a suitable tar which is in great demand in Caloutta for 
the jute industry. ‘The following table gives the comparative constants of 
the imported tar and that obtained by the closed retort method as experi- 
mentally adopted in the Kumaun Circle and the tar obtained by the dry 
disti‘lation method at the Forest Research Institute :— 
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TANNINS. 


Galls of Pistacia integerrima,—These galls called hakvasingh’ in ver- 
nacular, were known to contain as much as 75 per cent. of tannin. If the 
galls contained as much as 75 per cent. of tannin, or anything near as much, 
they would certainly be of incalculable value to the tanning industry represent- 
ing actually a natural tan-extract. An enquiry was therefore instituted to 
see if these galls were at all so rich in tannin. ‘The examination of authentic 
samples had shown that the galls contain only about 20-22 per cent. of tannin, 

Leaves of Pistacia integerrima.—A sample of the leaves of this tree 
collected in winter gave 16 per cent, of tannin, It is possible that the leaves 
may be found to contain varying percentages of tannin at different periods of 
their growth and much more than 16 per cent. in a particular season, 

‘The bark of Tsuga Brunoniana.—An average sample of the bark of 
Pouga Brunoniana reecived from the Divisional Forest, Officer, Darjeeling, 
‘yas examined for tannin with the following result 
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colour. ‘The percentage obtained is however too low to admit of its being 
profitably sent (o any great distances for tanning purposes 


MISCELLANEOUS. 

The Manufacture of Charcoal Briquettes.—An investigation in oo- 
operation with the Forest Eeonomist as to the best way of utilising the charcoal 
dust left in large quantities in the Forests and the Depdts was instituted at 
the instance of the United Provinces and the Punjab Forest Departments. 
Tt was proposed to make briquettes which should be strong enough to stand 
some amount of rough handling of the local trade. ‘The enquiry was sue- 

{ully completed during the year and fairly strong briquettes were made 
1 28 per cent, solution of the gum of Baulinia retusa. Any gum giving 
thick mucilage with water could be used for the purpose. ‘The charcoa! 
should first be reduced to a rough powder wh’ch is then just moistened with 
the gum-solution. It is then packed in a suitable mould and pressed into a 
briquette form by means of an hydraulic press. These briquettes were tested 
and found to bum well but much more slowly than the original chareoal used, 
Tt may be incidentally xemarked here that light charcoals such as that of the 
chir pine which are at present almost: valueless es fuel, would make « goud 
fuel for many purposes in the briquette-form. Industrial experiments hav? 
to be continued to sce if it would pay to have the entire quantity of the fig 
charcoals reduced to rough powder and pressed into briquette-form, 









































Be 


16 BOARD OF SOIENTINIG ADVICE KOR INDIA, 1916-17. 


‘The fioss of Aerua javanica locally called “ Bui.”*—A sample of 
the floss of Aerua javanica received from the Conservator of Forests, Marwar, 
was examined with the following results :— 
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‘The wood of Butea frondosa,—A ais‘ of the wood of Bulea frondosa 
was received from the Conservator of Forests, Gwalior, to see if it could be 
used for pulp purposes. Its analysis for pulp gave the following results :— 
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‘From this it is evident that the wood loses a good deal in water and in hydvoly: 
and the percentage of cellulose is too low for remunerative reduc 
wood to pulp under ordinary conditions of collection, transport, 
reducing to pulp, ete. 

Creosote oil made in India for sleeper treatment.—A further sample 
of the Indian Creosote oil was received and examined with the following 
results -— 
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From these figures, it is evident that the sample is of an excellent quality rich 
in anthracene fractions and is quite suitable for sleeper treatment, It is 
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indeed hopeful to see that some firms in India are beginning to see the necessity 
of distilling coaltar for its various products. 

Soils. —The study of soil chemistry in collaborati 
was continued. 

A good deal of miscellaneous analytical work was done for the Forest 
Economist, Sylviculturist and the Forest Department in general, In fact 
‘the demand on the time of the Chemist was so great that he had no time to 
cary out some of the items of his own programme, 





with the Forest Botanist 
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ASTRONOMY 
BY 


GILBERT T. WALKER, C.8.1., M.A. 8o.D., PRS, 


Director-General of Cheercatorics. 


Solar physics.—Researches in solar physics are carried on under the 
direct control of the Government of India at Kodaikanal, the Director being 
Mr. J. Evershed ; the Assistant Director Dr. ''. Royds has joined the Indian 
Army Officers Reserve. Tho chief instruments are :— 

(a) A spectroheliograph made by the Cambridge Scientific Instrument 
Company, the object of which is to take photographs of the 
sun using the light emitted by one chemical element only. In 
this apparatus a stationary image of the sun is made by a 12- 
inch triple-achromatie lens of 20-foot focus, fed by an 18-inch 
Foucault siderostat. Close up to the image and somewhat 
longer than its diameter is the narrow vertical slit of a spec- 
troscope arranged in such a manner that the light which has 
passed horizontally through the collimating lens shall be de- 
flected through two right angles by two prisms and a mirror, 
and so shall emerge from the camera lens parallel to its original 
direction. This light then falls upon another vertical slit which 
can be adjusted in such a position as to allow light of any desired 
‘wave length to pass through. In the Kodaikanal spectrohelio- 
graph the collimating and camera lenses each of 5-inch aperture 
and 6-foot focal length, together with the prisms and slits, are 
attached to a rigid framework, while immediately in contact 
with the slit last described is a sationary photographie plate 
within a fixed camera, ‘The rigid framework is capable of 
motion in a horizontal plane in such a manner that the primary 
slit may pass uniformly across the image of the sun while the 
secondary slit will move at an equal rate across the sensitised 
plate ; and as in each position an image will be formed at the 
second slit by light of the desired wave length and no other 
light can emerge, the result of the movement upon the plate 
is a complete image of the sun in monochromatic light. At 
presont the H and K lines of calcium are largely used on account 
of the convenience afforded by the width of their absorption 
shading and the fact that the centre of the dark line is frequently 
“reversed,” ie., is bright instead of dark indicating that the 
calcium vapour is abnormally hot in the higher levels of the 
solar envelope. A photograph go obtained shows bright clouds— 
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called “ floceuli”—of calcium vapour scattered about over the 
sun, and gives a large amount of information that is not other- 
wise obtainable. Further, by causing the slits to move more 
slowly the exposure may be lengthened sufficiently to ive 
photographs of the “ prominences” projecting from the sun’s 
margin. 

() An autocollimating spectroheliograph built in the observatory 
workshop. ‘This is attached to the side of the Cambridge 
strument and shares in the very perfect transverse movement of 
the latter. It is designed for photographing the sun’s disk in 
the hydrogen line C. A large grating is used to obtain the highly 
dispersed spectrum which is necessary in photographing with 
this line. 

(c) A high dispersion spectrograph mounted on piers in the spectro 
heliograph room. This is fitted with special arrangements for 
rotating the sun’s image on the slit plate, and for accurate 
guiding during long exposures on sunspots or prominences, A 
special device has also been added for photographing simul- 
taneously the spectrum of an electric are on either side of a 
solar spectrum. A grating by Anderson with 5sinch ruling is 
usually employed. 

(@) The 18-inch parabolic mirror referred to iu the last report has 
deen removed, and a 15-inch achromatic lens, borrowed from 
the Nizamiah Observatory, is now mounted on a moving carriage 
near the siderostat mirror, Ib is used mainly for sunspot 
spectrum work, and for photographing the spectrum of Venus. 

(@) The new spectrohelionraph erected at Srinayar in 1915 was dis- 
mantled in October 1916, and the optical parts retumed to 
Kodaikanal. 

(f) A6-inch equatorial refractor with lange grating spectroscope attached 
is used for the study of sunspot and prominence spectra, and 
for recording the prominences by visual methods. ‘The eque- 
torial mounting and the spectroscope are from the Maharajah 
‘Taldhtasinji Observatory, Poona. 

(g) The Poona 6-inch photo-visual lens was used in Kashmir for direct 
solar photographs on a large scale. It has been remounted at 
Kodaikanal, and the daily series of solar photographs on a scale 
of 8 inches to the diameter was resumed in February 1917. 

Routine Work.—Daily spectroheliographie records of the sun are ob- 
tained at Kodaikanal in calcium and hydrogen light, whilst similar records 
have been obtained in Kashmir until October 1916, when the temporary 
observatory there wastaken down. ‘The routine work at Kodaikanal includes 
also visual examination of sunspots and faculm, sunspot spectra, and bright 
lines or displaced lines in spots and prominences. A monthly article deseril- 
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ing the solar activity is contributed to the “ Monthly Weather Review,” 
while for more technical purposes bulletins and memoirs of the observatory 
are issued. Of the former 56 have appeared, and of the latter two have 
beon published. 

Solar Work in Kashmir.—At Srinagar the conditions for solar work 
were found to be extremely favourable throughout. the summer and autumn 
months ; but the winter and spring months were much less satisfactory, owing 
to cloud and poor definition at midday. ‘The months November to May 
were nevertheless considered to be less unfavourable than the monsoon 
months (June-November) at Kodaikanal, 

A valuable series of records of prominences and other solar phenomena 
was secured at Srinagar, the most notable being. an eruptive prominence 
photographed on May 26th, 1916. A very complete series of photographs 
of this was obtained both at Srinagar and at Kodaikanal, and for the first 
time in our records it has been possible to trace ont the movements taking 
place in the prominence from the beginning of the outbrust until the final 
phase, when the flying fragments attained the unprecedented height of 500,000 
miles above the sun’s surface. A description of this prominence was pub- 
lished in K. 0. bulletin No. 55, 


Spectroscopic Investigations.—A preliminary series of solar rotation 
spectrum plates was obtained at Srinagar, ‘These are in the red region of 
the spectrum, and include the hydrogen line «, ‘They have been measured 
by the positive on negative method, and the results prove the great valuo of 
this method for determining the solar rotation speed, as well as the relative 
movement of the hydrogen stratum and the reversing layer. It is found 
that systematic errors aflecting ordinary methods of measurement are almost 
entirely eliminated, and by confining attention to a few strong lines a series 
of measures would easily settle the question of the supposed variability of 
the solar rotation. It has unfortunately not been possible to continue this 
research at Kodaikanal, owing to the prevalence of diffusive skies during 
the dry season of 1916-17. 

‘The researches on the displacements of the lines in the solar spectrum 
compared with lines given by the electric are have shown that there is dis- 
placement to red over the entire dise of the sun. ‘This is least at the centre, 
and greatest at the limb, and as it is very difficult to interpret except by 
assuming a repulsion of the solar gases by the Karth, it becomes of importance 
to know whether this displacement affects only that side of the sun facing 
towards the Karth. ‘To throw light on this question, high dispersion spectra, 
have been secured of the planet Venus, when reflecting the integrated light 
of a solar hemisphere tumed more than 90° from the direotion of the Earth. 
‘The wave-lengths of the lines in the Venus spectrum have been determined 
by comparison with lines of the nickel-iron are photographed simultaneously, 
due allowance being made for the effect of the planet’s movements relative 
to Earth and Sun, 
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The measures appear to show a difference of wave-length in the lines as 
reflected by Venus and the same lines in direct sunlight ; but further research 
has revealed a slight instability of the lines in the electric are when the posi- 
tive and negative pole are composed of different metals. ‘The above result, 
therefore, awaits confirmation by a new series of measures when it is again 
possible to photograph the spectrum of Venus. 

Owing to the high degree of accuracy demanded in the measurement of 
spectrum lines, and especially the necessity of avoiding systematic errors, 
it is considered of great value to obtain estimates of displacements by inde- 
pendent methods ; and with this end in view Dr. Royds has designed and 
constructed an étalon, With this instrument, the measurement of inter- 
ference fringes takes the place of measures of spectrum lines, and with nearly 
homogeneous radiations a very hizh order of accuracy is attainable. 
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METEOROLOGY 
BY 


GILBERT 1. WALKER, 0.8.1, MA., SoD. -RS., 
Director-General of Observatories. 


Upper Air Examination.—Work with pilot balloons was continued 
throughout 1916-17 at the same stations as previously, namely Agra, Sim 
Kojak and Bangalore, The results were treated as before, and for the series 
of years now available at each place most of the figures of half-monthly and 
monthly vector resultants have been plotted to show the resultant trajectories 
of the period. ‘The variation of corresponding periods from year to year 
are thus recognizable, for association with the variations in weather. 

2. The series of balloons carrying recording instruments was continued ab 
Agra, 

3. Publication of observations and results is deferred in accordance with 
the general policy of Government in war time 

4, A year’s series of air temperature observations under the normal Indian 
‘thatched thermometer shed and with two other methods of exposure, namely 
under a tiled shed and in a Stevenson Screen, was completed. ‘The object 
was to ascertain what differences in results, if any, would be involved by 
the adoption of the less inflammable shed for general use in India, and to 
estimate the divergence of temperature between the standard Stevenson 
Screen exposure of thermometers at fourth class stations in India and that 
in the standard thatched shed of othor Indian stations. Examination of 
‘tho results shows appreciable divergences, and has raised questions which 
need further observations to answer. A second year's observations have 
therefore been started with certain modifications and additions. ‘These 
include the use of a third shed, tiled and lined with wood, and the use of 
‘motor-ventilated open-air exposure of maximum and minimum thermometers, 
shiclded from external radiation in Assmann jacket tubes. 
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TERRESTRIAL MAGNETISM 
By 


GILBERT T. WALKER, C.S.L, M.A., Sc.D., ERS, 
Director-General of Observatories, 


Magnetic observatories.—Bombay (Alibag).—The Bombay Observa- 
tory, formerly maintained by the Local Government at Colaba, was moved 
to Alibag in consequence of the introduction of electric trams into the city. 
It is now directly under the Government of India, the Director being Dr. N. 
A. F. Moos. For a description of the instruments and of the routine work 
reference should be made to the annual Report of the Director. During tho 
year material progress has been made with the preparation of the magnetic 
‘and seismographic data Jor press. 


Magnetic Survey.—No, 18 Party—Magnetic.—The magnetic observa~ 
tories at Dehra Dun and Toungoo were inspected by the officer in charge 
during the field season and a complete set of observations was taken at cach 
for the comparison of instruments, ‘Tho Alibag and Kodaikanal Observatories, 
under the Metecrological Department, were also visited for the same purpose, 





No field obsorvations were taken during the year, and none will be necos- 
sary until 1919-20 when it is proposed to visit all repeat stations to obtain 
data for the determination of reliable secular change values for the period 
1914 to 1920, 


Reports on the condition of the pillars of all the permanently marked 
repeat stations in India and Burma are being received yeutly from the District 
Officials and it is satisfactory to note that the pillars are all in good preserva- 
tion, 

Reduction of observations to epoch.—The reduction of tho n 
clements of all the field and repeat stations in India, Burma and Ci 
the epoch 1909.0 was continued during the year and is nearing completion. 
‘Tho Declination and Horizontal Force data aro ready for publication but as 
the reduction of the Dip is well advanced it is now considered desirable to 
avait the completion of the latter and to publish all the magnetic elements of 
tthe field and repeat: stations together. With the published values of these 
elements will be included the average annual change of each element at the 
field and repeat stations for each of the two periods 1901 to 1909.0 and 1909.0 
to 1914. There will also be ‘ssued the monthly mean values of the elements 
at the observatories and a set of isomagneti charts, as well as a set of charts 
showing graphically the monthly mean values and annual change of each 
clement at the observatories from 1901 to 1909.0 and 1909.0 to 1914, i... the 
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average annual change will bo given separately for each of the periods pre~ 
ceding and following the beginning of January 1909, the selected epoch of the 
survey, whieh is the date nearest to the point where an appreciable change 
is indicated in the curve of secular variation : the sections of the curve, or 
its division into the tivo periods 1901 to 1969.0 aud 1909.0 to 1914 will each 
give a curve which will be approxtmately a straight line and will represent 
as nearly as possible a uniform or average annual change. 

‘The magnetic. elements at observatories.—The computation and 
tabulation of the provisional values of Declination, Dip, Horizontal Forco 
and Vertical Force for the three observatories (Dehra Dun, Toungoo and 
Kodaikanal) for 1916 have been completed ; the mean values of these elements 
for the year 1916 derived from all days, excluding those of great disturbance, 
are given in the table below. 
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GEOLOGY 
BY 


‘H. H, HAYDEN, GLE. BRS, DSo., FG. 
Director, Geological Survey of India. 





Mineralogy.—Several minerals of the rare earths, received from the 
‘Travancore State Geologist, were examined during the year. They 
included :— ; 

(1) a tantalo-niobate and silicate of uranyl, iron and the rare earths, 
either hatchettolite or endeiolite ; 

(2) a titano-niobate of uranyl and the rare earths—probably euxenit 
and 

(8) a perfect crystal of thorianite ; this was found to contain 3227 
per cent, of ThO, and 39-86 per cent. of U,O,, with 2:92 per cent. 
of oxides of the rare earths. 











Palseontology.—Palwontological research carried out by 

half of, the Geological Survey of India, included :— 
(1) asystematic examination and description of Lower Tertiary molhises 
Sind, Baluchistan and Burma ; 
(2) a revision of parts of the Gondwana flora 
(8) examination and description of Palwozoic fossils from Chitral, the 
Russian Pamirs and Yunnan, 

‘The first of these researches was carried out in India, and the remainder 
in England, 

Geological Surveys.—Owing to the short-handed state of the Geolo- 
gical Survey Department, and also to the urgent necessity for investigations 
in connection with minerals employed in the manufacture of munitions, work 
‘on the systematic survey of the country was largely suspended. Reduced 
parties worked in Bombay, Rajputana, Burma, the Central Provinces and the 
Nizam’s Dominions. In Bombay the survey of Idar State was completed ; 
in Rajputana, progress was made with the survey of the Ajmer and Beawar 
tahsils of Ajmer-Merwara, while in Western Rajputana, the unsurveyed portion 
of the Jaisalmer State was mapped. 

‘The Burma party was engaged chiefly in economic work in connection 
with the output of wolfram in Tavoy, but a considerable amount of mapping 
vas done, and the geological map of the greater part of the Tavoy district 
has been completed. It is now proposed to extend southwards into Mergui. 
and northwards into Amherst, although the absence of topographical maps 
renders systematic work in the latter district impossible. 


and on be- 
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In the Central Provinces, the geological survey of the Makrai State was 
carried out én the scale of 1” = 1 mile, and certain unmapped areas in Bala- 
ghat and Bhandara districts were surveyed. 

A long strip of country i the south-eastern part of the Nizam’s Domi- 
nions, which had long remained blank on the geological map, was surveyed 
on the scale of 1 = 4 miles. 

Heonomic Enquiries.—These dealt with the following minerals : anti- 
mony in Mergui, chromite in Baluchistan, coal in the Bokaro-Ramgarh coal- 
field, molybdenite in Madura district, monazite in Mergui, potash salts and 
sulphur in the Salt Range, and ores of tungsten in Lower Burma, ‘The 
energetic measures taken by the Government of Burma, with the assistance 
of the Geological Survey party, resulted in a large increase in the output 
of wolfrar 

Investigations were also made with regard to proposed sites for dams at 
the Chichali pass, Mianwali district, and at Bhakra, on the Sutlej, in the Una 
Dun, 

Meteorites.—Three new meteorite falls were recorded in India during 
the year ; the first in Budaun district, Rohillehand, the second in Ballia district, 
United Provinces, and the third in Birbhum district, Bengal, All three wore 
chondrites. 
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COLONEL G. P. LENOX-CONYNGHAM, R.E., 
Superintendent of the Prigonometrical Surrey. 





TRIANGULATION. 


‘Triangulation operations during the cold weather of 1916-17 were carried 
out in the Madras and Bombay Presidencies principally to meet the require- 
ments of the current topographical programme. 


Madras. 


The Madura Series. 


‘This series was reconnoitred and the stations were built in season I 
It extends from a side of the South Kast Coast Series near Arantangi in the 
south-west comer of the Tanjore District, through parts of the Tanjore 
District, Pudukkottai State, Ramnad and Madura Districts ; and closes on a 
side of the Great Arc Series near Dindigul. ‘The observations were not 
taken up earlier as the country at the eastern end of the series is gently 
undulating and covered with groves of palm and other trees whieh render 
clear views impossible. ‘The use of a trestle for the theodolite and of high 
masts for signals was necessary to surmount the curvature and the inter- 
vening trees. A trestle, by means of which the theodolite could he r 
to an extreme height of 67 feet above ground level, and four masts 
feet high, previously devised by Mr. J. de Graaff Hunter, and constructed 
at the workshops of the Trigonometrical Survey’ at Dehra Dun, were used 
to secure the observations at the four western stations. ‘The trestle obser 
vations were widertaken by Mr. Hunter and in spite of unfavourable weather 
conditions the triangular error averayed 9" in three triangles. 

Mr. L, Will 
found to ex 
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mis completed the series and on computation the series was 
iit the following satisfactorily small closing errors -— 





Tatllade ok eee ed, Gee Le EO 
Toate a9" Pog R Reks heise: Pa ay 
‘the unit being the seventh pilaoe of decimals mae 





Nain 


Both observers used 8-inch micrometer theodolites. 
‘The iength of the circuit involved is about 280 miles. 
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Bombay and Hyderabad. 


‘The Bagalkot Series. 


‘While the observations of the Madura Series wore being carried out, an 
assistant was deputed to reconnoitre and build a new series called the Bagal- 
kot Series. This series, which forms a connexion between the Mangalore 
Meridional Series and the Nalarug Series, extends along the 16° parallel of 
latitude traversing parts of the Belgaum District, Southem Maratha Country 
States, Bijapur District and the Gulbarga Division of Hyderabad State. 

The observations were carried out by Mr. L. Williams with an 8-inch 
micrometer theodolite and the accuracy of the work and the final connexion. 
proved entirely satisfactory. ‘The actual closing errors are :— 











Latitude Vettes Saas. Me gba iat 06 
Longitude i) 
si heal eg te eet i of cay a | 
Agimuth es Oger & Hee: 

‘The length of the circuit involved is about 500 miles. 

Punjab. 


A detachment was employed on the laying out of Series of secondary 
triangulation in the Sind-Sagar Doab for the control of the ‘ rectangulation *” 
of that area in connexion with the great Indus-Jhelum-Chenab Irrigation 
scheme. 

‘The work accomplished “comprised the building of 51 ne 
the repair of 6 of the old Tower Stations of the Great Indus 8a 

‘These stations form two chains of triangles, the one running from Khushab 
on the Jhelum to Leiah near the Indus, and the other running from about 
the middle of that chain in a north-westerly direction to Mianwali, 





stations and 








Astronomical work. 


In Juno 1917 the reduction of the observations for latitude carried out 
in season 1907-08 at Robat 8. of the Kalat Longitudinal Series, which had 
not beon hitherto computed, was taken up. ‘The observations were made 
on the circum-meridian plan, the zenith distances of the stars being taken 
with Troughton and Simms’ 12-inch Theodolite No. IT. 

A large number of stars was observed and 117 separate deductions of 
the latitude were computed. ‘The results proved very good, the probable 
error of the general mean being + 0"-142 and that of a single observation 
+ 218, 
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‘The values as derived from the astronomical obseryations and the trian- 
galation are given below :— 


By Observation... egg 8 $9 006 
By‘riangulttion. . , . 88 AB 687, 
Astronomicnl—GeodetioA—G. . . + lat 


‘The result shows a southerly deflection of 10°41 seconds, 


LEVELLING OPERATIONS. 
During the year 1916-17 the following lines of precise levelling were 


fun :— 
(a) In Bengal, 

(i) Revisionary levelling from Chimpdani to Burdwin along the Grand 
‘Prunk Road, originally levelled in 1882-88. 

(ii) Brom Burdwan to Bardkar. ‘This completes the new line of levels 
along the Grand ‘Trunk Road from Benares to Bardkar. 

(iii) From the Damodar river to Barikar along the main road from 
Purdlia, ‘This is part of the new line brought down from Aurangabad vid 
Daltonganj, Ranchi and Purdlia to Bardkar. 





(®) In Bikar and Orissa. 

(i) Brom Aurangabad vid Daltonganj, Ranchi and Purdlia to the Damodar 
river along the main roads. ‘This line was carried on to Bardkar in the Bengal 
Presidency. 

(ii) From Bathi vid Hazaribagh to Ranchi along the Public Works De- 
partment road. 

‘The above lines complete two new circuits, the closing errors of which 
have not as yet been determined as the computations are not complete, 

‘The total outturn of levelling including branch-lines amounted to 540 
miles, 





TIDAL OPERATIONS. 


During the past year tidal registrations by means of automatic gauges 
have been continued at the following stations : 

Aden, Karichi, Apollo Bandar (Bombay), Prince's Dock (Bombay), 
Madras, Kidderpore, Rangoon, Moulmein and Port Blair. 

‘The tide-gauges at the above stations have, on the whole, worked satis- 
factorily ; there have been no serious interruptions in the registrations any- 
where. 





© 
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All the tidal observatories were inspected during the year and the in~ 
struments were thoroughly overhauled, cleaned and put in working order. 

Owing to constant silting at the Kidderpore tidal observatory and the 
difficulty of maintaining free communication between the river and the 
observatory well, it was decided by the Port authorities to construct a new 
observatory in deeper water about 30 feet away from the old one. ‘The new 
observatory was ready in April 1917 and the tide gauge was then installed in 
it, ‘The old observatory has been abandoned. 

In addition to the automatic tidal registrations at the 9 stations’ named 
above, observations of high and low water on tide-poles were taken during. 
day-light at Bhanager, Chittagong, and Akyab, with the object of testing 
the accuracy of the predictions which were based on tidal registrations taken 
at those ports many years ago. 

From March 1916, the Chief of the General Staff in Mesopotamia has 
supplied this office with hourly readings of a tide-gauge at Basrah which 
‘was erected there in connection with the Military requirements, With the 
object of making predictions of the tides for Basrah, the above readings for 
a whole year have been reduced in this office by means of harmonic analysis 
and the constants thus deduced have been forwarded to the National Ph 
cal Laboratory, Teddington, England, in order that the tidal ourves for the 
year 1917-18 may be traced by the tide-predicting machine, which is lodged 
at the above laboratory, and supplied to this office. On receipt of the curves 
tho times and heights of high and low water will be read from them and 
supplied to the Inland Water Transport authorities at Basrab, 






OPERATIONS AT DEHRA DUN 
BY 


J. de GRAAFF HUNTER, M.A. 


‘The provisional adjustment of the Burma triangulation has been practi 
‘eally completed. ‘This has been done primarily with a view to making the 
publication of the results in consistent form possible, 

Until the closing discrepancies of circuits are distributed the junction 
points have multiple values and cannot be conveniently used for general 
topographical purposes in relation to points on either side. ‘The adjustment 
hhas been carried out by the new simplified method referred to in the report 
for 1914-15, In last year’s report the desirability of the use of Laplace 
Stations as well as extra bases was referred to. This has received practical 
confirmation in the Burma Adjustment. Tn the adjustment, however, in 
conformity with previous practice, the Laplace stations were ignored and 
tho adjusted values show incteased discrepancies at the Laplace stations : 
indicating the necessity of adjusting the triangulation at such stations 
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In the present work the main object has been to prepare the data ino 
suitable form for publication for general, and not specially for geodetic, use. 
This has been done. It will be desirable perhaps at some later date, for 
geodetic purposes, to make a new adjustment when the figure has been made 
more complete by the observation of the Chittagong Series and the closing 
of the Upper Inrawady Series, etc. Such adjustment should not however bs 
dione until the work is provided with well distributed bases and Laplace 
stations, without which little improvement in accuracy could be expected. 
In making this new adjustment it will not be necessary to correct any but 
the geodetic stations and the work involved will not be considerable. 


During the year a list of all plumb line deflection stations of India and 
Burma has been compiled by degree sheets, and the results exhibited in terms 
of Eiverest’s spheroid and also in terms of Helmert’s spheroid. In the course 
of the work numerous points for decision have arisen, showing the need of a 
comprehensive treatment of the data. By means of this compilation it has 
eon possible to construct sections of the geoid, and it appears that a southerly 
deflection of some 5” probably exists at Kalianpur. It is interesting to note 
that if this deflection be allowed for the Indian results are brought into 
agreement with the Russian results in Turkestan, ‘The list of deflections is 
deing published in the first place in Professional Paper 16, the completion 
of which has been retarded by press of other work. In this paper will also 
be found a computation of the probable errors, after adjustment, of the 
North-West Quadrilateral. 





c2 
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I,—BOTANICAL SURVEY 
BY 


H. G. CARTER, M.B., Ou.B, (Eom), 
Offa. Director, Botanical Survey of India. 


Systematic.—Eastern and Northern India.—Apart from one or two minor 
‘expeditions, no exploration work was undertaken during the year and the 
staff have, therefore, been able to devote all their time to the collections of 
correspondents and accumulated materials awaiting examination. ‘Tho same 
officers, as in former years, chiefly members of the Forest Department, have 
continued to keep us well supplied with material, Rai Upendranath Kanjilal 
Bahadur visited the Horbarium for several weeks in connection with his work 
on the Forest Flora of Assam. A considerable mass of his material still awaits 
‘examination but we have benefited as formerly by his generosity in giving us 
many sheets which enhance the value of our collections. Mr. R. 8. Hole of 
Dehra Dun and Dr. ©. A. Barber of Coimbatore have also visited the Her- 
barium in connection with research work in hand. ‘The usual collections of 
high level seeds for distribution to temperate regions were made by Mr. G. H. 
Cave who also continues work on his materials for the Ioyd Botanic 
Garden Catalogue, ‘The results of the examination of Mr. R. HB. Cooper's tours 
in Bhutan are now to some extent to hand in the publication by Professor 
Bayley Balfour of new species of Primula and Rhododendron. ‘The revision 
of the Himalayan and Chinese Primnlas already in collections, together with 
Mr. Cooper’s new material, has given some forty new species. Of these, fifteen 
are the rosult of more critical examination in tho light of recently acquired 
Knowledge from the East and West Himalaya ; eight are Bhutanese, the out- 
<come of Mr. Cooper's exploration, and the remainder are Western Chinese, 
From the same collector's material Professor Balfour has heen able to record 
two new Bhutanese Rhododendrons and four others of the same genus come 
in Mr, Ward’s material from ast Upper Burma, Mr. I. H. Burkill, late 
of the Botanical Survey, has two papers in the Journal of the Asiatic Sooiety of 
Bengal. One deals with the pollination of flowers in India, the other with 
the Terai forests between the Ghandak and the Teesta. ‘The results of Mr. 
©. ©. Lacaita’s tour, some two or three years ago, in Sikkim, have been 
published in the Journal of the,Linnean Society where the author records his 
impressions of the forests of Sildkim with some historical data on earlier ex- 
ploration of the same region and a list of plants seen or collected. 
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Mr. A. Rodger, Forest Research Officer, Burma, has again materially 
enriched the local Burmese collections of the Botanical Survey and retentions. 
from collections by Messrs. Smales, Osmaston, and by Lady Cuffe have also 
been allowed. * 


‘The Flora of Siam and Eastern Burma continues to engage the attention 
of Mr. W. @. Craib. During the year some eighteen species, not previously 


represented in his materials for a flora of this area, have been described in 
the Kew Bulletin, 


Western India.—The results of Messrs. Sedgwick and Saxton’s work on 
the vegetation of Northern Gujarat, referred to in last year’s report, are still in 
the Press. ‘The late Mr. Ramaswami’s record and description of a new 
Tephrosia from Sind appeared during the year. Mr, H. M. Chibber’s list of 
families and genera of Bombay plants with derivatives continues to appear in 
the Journal of the Bombay Natural History Society. Mr. ©. C. Calder ha: 
had under examination several species of Cassia from this Society's garden 
in Bombay and has established a good connecting link between two hitherto 
supposed distinct plants. His observations point to the advisability of a 
re-examination of the characters hitherto separating some members of the 
genus. 





Southern India.—Whis area continues to attract more botanical attentis 
than most of the other provinces, Mr. J, 8. Gamble, C.LE., continues his 
work on the Flora of the Presidency bub, owing to the loss of Mr. Dunn’s 
co-operation, the whole work devolving on Mr. Gamble’s own hands, the issues 
must in consequence be somewhat delayed. ‘The method of presentation 
adopted is that followed in the corresponding work for Bengal, issued in 1903. 
‘The primary object is to facilitate the identification of the species by enabling 
the collector to ascertain with certainty the genus to which the plant belongs 
and, this object attained, to limit his attention to those characters of the plant 
under examination which are necessary to its specific identification. 

Mx. P. F. Fyson communicated two papers to the fourth sessions of the 
Indian Seience Congress held at Bangalore in January 1917, one dealing with 
ecological observations on the flora of the Pulney Duars, the other with 
observations on the struggle for habitat between a true water plant (Seirpus 
mucronatus Linn.) and a. moist land plant (Ammannia rotundifolia Harn.). 

Mr. O. E. O. Fischer has under preparation for publication in the Records 
a paper on the Flora of the Anamalai 

Rai Bahadur K. Rangachari presided at the Botanical Section of the 
Indian Seience Congress where he communicated a very interesting paper on 
the Tinnevelly Flora. 

On the same occasion Mr, Venkata Rao and Mr. Cherian Jacob yave 
papers on the distribution of plants in Mysore, and on pollination in Alysicar- 
‘pus, respectively, while Mr. l. Ekambaram gave the results of his continued 
investigations on the structure and mechanism of the bladders of Utricularia. 
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‘The proximity of Ceylon and the great similarity of its vegetation to that of the 
southern extremity of the peninsula lends additional interest-to Mr. J. C. Willis 
paper on the evolution of the flora of the island with reference to the dying 
ont of species. 

General—The Reva. Father Blatter’s treatise on the palms of British 
India, indigenous and introduced, deals, since last report was issued, with 
‘groups Cocoineae and Lepidocaryinae, Tn all some nineteon species are dealt, 
with, the history, nomenclature, taxonomy and uses being treated in an ex- 
austive manner, Major A. 'T. Gage continues, so far as the very limited 
time at his disposal will admit, preparation of his materials for monographing 
the family Zuphorbiacea. 

Dr. Stapf has given an historioal and taxonomic account of Cyeas Thowarsii 
R, Br. and contrasted its cbaracters with those of Cyeas Rumphit Mig. and 
Cyeas circinalis Linn,, and has also had Pandanus percatus described and 
figured in the Botanical Magazine. Mr, Dalimore has contributed an account 
of the Asiatio Pines, including some Indian representatives, to the Kew Bulle- 
tin, Mr. H. G. Carter's paper on Zor Hills Plants with Notes by Sir Peroy 
4%, Cox, K.OS.L., K.O.LB,, has been issued as Volume VI, No. 6 of the Records 
of the Botanical Survey while Mr. Calder's records of the species of Ozalis 
now wild in India is ready for the Pross and his account of the vegetation of 
‘Travancore is nearly completed. 
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BOTANY. 


,—ECONOMIC BOTANY. 





Part I.—Agricultural Botany 


BY 





ALBERT HOWARD, O.L.E., M.A. (Cawras.), P.LS. 


Imperial Beonomie Botanist. 


In previous reports, attempts have been made briefly to summarize all 
the various lines of work dealing not only with the improvement of crops in 
Tndia but also’ with the progress made in seed distribution. ‘Till recently, 
this was the only method of bringing to the notice of the public the work of 
the Agricultural Department on the application of Botanical Science to Agrien!- 
ture, At the present time, however, another means is in existence for accom 
lishing the same purpose, namely, the annual Report on the Progress of Agri- 
‘culture in India, In this publication, the last issue of which extends to 180 
pages of print, is to be found full details of the various lines of work on crops 
in India together with an account of the present position of seed distribution, 
At the end of the report is printed a classified list of publications, dealing with 
the various branches of agriculture. As this progress report is prepared after 
the various Administration Reports of the Provincial Departments of Agri- 
culture are issued and after most of the annual farm reports appear, it is obvious 
that it can be made more complete than the present summary which has 
to be submitted before these various publications are available. In the present 
report therefore, detailed references to seed distribution schemes have been 
omitted and only the more purely scientific papers dealing with Economic 
Botany have been noticed. In this way, it is hoped to avoid undue 
overlapping with the Progress Report on Indian Agriculture. As most of 
the work which has been published duting the year ending June 80th, 1917, 
was dealt with in advance in considerable detail in the previous report, but 
little remains to be done to bring the subject up to date. 

In addition to the list of technical publications appended to this paper, 
the following’ reports contain a considerable amount of information on the 
improvement of crops. A perusal of these papers will enable the student of 
Indion agriculture to obtain the fullest possible details of what is now being 
done. 
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(a) Report on the Progress of Agriculture in India, ‘This is an annual report 
prepared by the Agricultural Adviser to the Government of India, Pusa, 
Bihar, from whom copies ean be obtained. 

@) Annual Report of the Agricultural Research Institue, Pusa (including 
the report of the Imperial Cotton Specialist). Copies are to be obtained from 

_, the Director, Agricultural Research Institute, Pusa, Bihar. 

(0) Administration reports | the Provincial Departments of Agrioulture— 
Bombay, Bengal, Madras, Central Provinces, United Provinces, Punjab, 
Bibar and Orissa, Assam and Burma, These are ismed towards the end 
of the year by the Government presses in these Provinces and contain a 
general summary of the work of the Agricultural Department (including the 
farm reports) and also summaries of the work of the various specialists in- 
cluding the Economic Botanists. 

(@) Proceedings of the Board of Agrioulture in India. ‘This contains the 
programmes of work in progress in Keonomic Botany. Copies ean be obtained 
from the Agricultural Adviser to the Government of India, Pusa, Bihar, 

Cotton, Little of a strictly botanical nature has been published on this 
crop during the year owing to the time of the research officers being taken up 
with other duties and ¢o shortage of staff. ‘The Inrge amount of work in 
progress on seed distribution in cotton will be dealt with as usual in the next 
Progress Report on Agriculture in Int 

‘The position as regard the cotton breeding work at Cawnpore will be clear 
from the following extract from Mr. Leake’s ourrent annual report :—" Work 
on cotton has again. been practically limited to preventing loss of material 
and to the extension of the type K 22. Of the two types mentioned last 
year, K 7 and K 92, the latter is undoubtedly superior and the former type 
is being dropped. Particulars of the results achioved with the latter avait 
more favourable opportunity for publication but I may note that the cotton 
problem of the United Proviness, as it: appears t6 me, may be briefly summed 
up as the production of a high ginning and high yielding race of cotton with 
lint quality which would normally find a market in India but whic, in times 
of shortage, would find a market in Lancashire. How far K 22 satisfies this 
definition is shown by the following. I have now a considerable acreage 
under races ginning 40 per cent.; though perhaps not so resistant: to moist 
conditions, in a good cotton year it yields as much kapas as the Aligath white 
flowered ; while as regards lint, the following remarks from a broker at home 
will show how far it fulfils the requirements given above. ‘The sample of 
cotton you sent is certainly wable by # considerable number of Lancashire 
Spinners provided they could not got. anything better, they being very con- 
servative. I fully agree with you that after the war we shall be very short 
of cotton with a big demand, in fact we are fast reaching a- famine in 
Liverpool with cotton Id. per lb.” 1 may refer here to the extension of 
cultivation of the plant into Cmntral India, Trials made last year were sulfici- 
ently promising to justify Mr. Coventry distributing the seed [ could provide, 
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‘That quality of the lint vastly improves under Malwa conditions is shown by 
the fact that samples are valued as neatly equal to best Ujjain.” 


In the Central Provinces, apart from the work on seed distribution, a most 
interesting discovery has been made by Mr. Clouston with regard to the require~ 
ments of the roots of the.cotton plant. “ Experiments carried out with Cam- 
dodia and Roseum cotton on the laterite soil in Chhattishgarh, known as 
dhata, have shown that on very pervious soil of this type, where drainage 
and root aeration are perfect, very good crops of cotton can be raised though, 
the rainfall is over 50 inches, It is a commonly accepted opinion in this part 
of India that cotton cannot be grown suecessully with a rainfall exceeding 
45 inches. Drainage and aeration would appear to be all important in the pro- 
Auotion of good yields of cotton ; so long as these are favourable, the heavy 
rainfall does not really matter much.” ‘The writer was fortunate enough to: 
see last January the Chandkhuri experiments referred to in the above extract 
of anote from Mr, Clouston. Besides their local interest, these results indicate 
new field of work on the cotton crop in India, namely, the investigation of 
methods of improving the yield by some system of under-drainage com 
bined with the improved aeration of the subsoil. In wet seasons like 1916, 
the cotton crop never does well either on the black soils of the Peninsula or 
on the alluvium, Vegetative growth becomes unhealthy and the produc- 
tion of mature bolls is far below the normal. All the appearances indicate 
defective soil acration. ‘These facts, taken together with the Chandkburi 
results on the porous bhata soils, leave little doubt that. the cotton crop: 
would at once respond to some form of sub-soil drainage. Not only would 
this improve the yield but it would also, in all probability, at once open the 
door to the successful cultivation of deep-rooted, long stapled varieties. 
At present, the Indian eotton crop is at the mercy of the monsoon and there 
are indications, both in the plains and on the black soils, that the varieties 
which thrive are comparatively surface-rooted. In a dry year, they are 
liable to suffer from drought, in a wet year, the crop is water-logged. | Sub- 
soil drainage and sub-soil aeration, by increasing the root range, might help 
to render the cotton plant independent of the rainfall, Under the new soil 
conditions, long-stapled cottons might easily do much better than is now the 
case, 

Tn Madzas, Mr. Hilson has published a note on a method of selfing cotton 
which deserves a full trial in other parts of India, As the publication, in which 
it appears, is a new one and may not reach all workers on this crop, it is re= 
printed here in full,‘ The following method of selfing cotton plants, sinee it 
has proved both simple and efficient has been adopted in dealing with the 
lack soil varieties of the Ceded Districts and Cambodia at Coimbatore. The 
flower is prevented from opening by sewing up the bud in the early morning 
of the day on which it would open or in the evening of the previous day. The 
needle is passed through the bud about three times at a point, about a quarter 
of an inch from the top, where the petals are tightly rolled together. ‘The 
thread is pulled as tight as possible without cutting the petals. ‘The needle 
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iss then passed several times through one of the bracts, leaving about two 
inches of loose thread between the tip of the bud and the bract. In this way, 
the flower remains tightly closed and cross-fertilization by inseots or wind 
agency is prevented. After setting, the corolla withers and falls off, when it 
4s suspended by the thread and efficiently labels the boll. It is impossible 
to fake this effect, thus any intelligent coolie may be employed for the work 
with perfect safety. After a little practice, the operation can be performed 
very quickly and one man can self all the flowers, as they appear, of @ con- 
siderable number of plants. ‘The setting of flowers treated in the above 
manner is perfectly normal and there appears to be less shedding. of 
flowers and young bolls than is the case when paper or muslin bags are em- 
ployed.” 

Rice. Continued attention is being paid to the improvement of the rice 
-exop, Most of the work relates to pure line selection with the object of isola~ 
ting types of high yielding power, At few centres, investigations on the 
inheritance of characters in the crop are also in progress. ‘These twvo lines of 
work will be considered separately. 

Pure line selection is in progress in all the chief rice growing Provinces of 
India, In Burma, work in this direction is being prosecuted in the Southern 
Cirele by Mr, MeKerral and at Mandalay by Mr. Thompstone. ‘Three selected 
strains, derived from single plant cultures at the Hmawbi Agricultural Station, 
axe now under distribution and nearly 200 tons of seed of these were distributed 
during the last two years, In Madras, the chiet centre of selection work is at 
Coimbatore, ‘The stage reached in the work will be clear from the following 
extract from Mr, Pornell’s last annual report —" The testing of the yield 
of a number of strains and varieties was continued and two that had been the 
best the previous year were again ahead of all others. One of these gave a 
very heavy yield on an area of several acres on the Central Farm, It is a 
very distinct improvement on the local variety and is also a little earlier, a 
‘very useful quality on account of the uncertainty of the water supply towards 
‘the end of the season. Some very promising strains were obtained in the 
third generation of a cross betwoen two varieties, ‘They have not yet, been 
tested on a large soale howover. Definite experiments were catried out to 
Aocide on the most satisfactory method of comparing strains for yield. Tt 
‘was found that long narrow strips 5 by 120 links that is 0-6 cent. in area, gave 
‘a probable exzor of less than 6 per cent. for the difference between two, This 
is about half the probable error given by 5—10 cont. plots in ordinary farm 
experiments. The repetition of these strips, four times, reduces the error 
to less than 3 per cent. and this system has been adopted on the paddy Breeding 
Station. Work on the Paddy Survey was continued and a number of new 
varieties were grown and desoribed during the year.” In Bengal, Mr. Hector 
has brought his preliminary work on selection to @ satisfactory conclusion 
and an improved variety known as Indrasail has emerged from the tests. 
Several hundred maunds of seed of this variety were distributed to cultivators 
during the year. In the Central Provinces, selection work on rice is in pro- 
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gress ab two centres—Raipur and Nagpur. Mr. Clouston sums up the Raipur 
work as follows :—* Over 100 varieties of paddy have been tested in varietal 
series on the’Raipur Farm. All have been discarded except six, the outtumns 
of which have, over a series of years, topped the list in the varietal series, 
‘These varieties are gumratia, chinoor, parewa, haradgundi, bhondu and 
Iuchai, Pure cultures of these are also being propagated and compared. 
Over half a million pounds of seed of selected gurmatia and parewa from pure 
strains have been distributed through seed farms this year. ‘Twenty selections 
have beon made from each of the six varieties mentioned above, of which the 
best ten of each are being tested in plots of one-tenth of an acre this year, One 
Assistant on each farm is put in charge of this special line of work as I am 
convinced that the improvement of crops by selection is largely the work 
of the Deputy Director of Agriculture and his staff.” Mr. Graham reports 
that the extension of the two selected ries Nos, 12 and 17 in the Northern 
Circle is maintained. 

A beginning has been made in the study of the inheritance of characters 
in tice at several centres, Mr. Hector published a Memoir on the inheritance 
of anthocyan pigment in paddy varieties and concludes :—(1) The colours 
in the leaf-sheaths, glume-apex and stigma of certain paddy varieties appear 
generally to be due to the interaction of several factors. (2) In certain cases, 
the colour in the stijana is of a higher order than the colour in the leaf-sheath 
and glume-apex, and is due to the presence of an extra factor not present in 
the leaf-sheath and glume-apex. (8) Where the colour has been found to 
bo due to the interaction of more than one factor, the simultaneous presence 
of all colour factors appears necessaty for the production of colour at all. At 
Coimbatore, Mr. Parnell’s work referred to in the previous report has 
been continued. He reports that ‘ some of the more definite characters such 
as duration, size and shape of grain, height of plant prove to be complicated 
and difficult of analysis.” In Bombay, the Mendelian work on riee conducted 
by Dr. Burns is described in the Ganeskhind report for 1915-16. 

Sugarcane, Although India, in comparison with Java and the West 
Indies, took up the study of cane seedlings comparatively recently, neverthe- 
less a great deal of energy is now being devoted to this work at two contres 
— Coimbatore and Bangalore—and considerable progress has been made in 
this difficult and time-consuming undertaking. At the Cane-Breediny Station 
at Coimbatore, Dr. Barber and his assistants are taking up several lines of 
work simultaneously, namely, the detailed botanical study and classification 
of the varieties at present grown in India; the production and testing of 
new seedling canes and the study of the conditions under which the sugarcane 
flowers and sets fertile seed. At Bangalore, Dr. Coleman is also devoting 
attention to the production of sugarcane seedlings. ‘The object of the 
Bangalore work is to yet a variety with hizh yielding capacity and rich glucose 
suitable for Mysore. Varietal tests conducted for a series of years have shown 
that Red Mauritius yields more than any of the local varieties but its juice is 
not s0 rich. Seedlings of this cane bave been raised which promise to retain 
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the vigour of the paront while giving a richer juice, Seedlings of White Mau- 
ritius and of Striped Mauritins are also promising. A number of these will be 
tested on a field scale during the coming year. In addition to the work on 
seedlings, ther varieties are also being tested of which Java 88a is likely to 
prove & useful cane for Mysore, 

In the plains of India, where the sugar cane rarely forms fertile seed and 
where the difficulties connected with the raising of new seedlings have not 
yet been overcome, a different line of work has for some years been carried out 
‘at Shabjahanpur in the United Provinces by Mr. Clarke. ‘This consists in 
tthe study (in the field and in the laboratory) of local and introduced canes. 
which are likely to suit the short growing period of Northern India, ‘The 
preliminary work in this direction has recently been brought to a successfub 
conclusion, the main results of which are to be found in a paper in the Agri- 
cultural Journal of India of July last year. ‘Two improved canes have em- 
cerged satisfactorily from these trials—Java 33 for ordinary field cultivation. 
and Ashy Mauritius for intensive cultivation near the lange cities. 

Passing from the main lines of investigation on the improvement of the: 
sugar cane in India to the details connected with this work, a considerable 
amount of new matter has been published and prepared for the press by Dr. 
Barber and his stafi at Coimbatore, ‘The nature and scope of these papers 
will be evident from the following extract from the Inst annual report of this. 
Station — 


“During the past year, a Memoir (referred to as completed in last year’s 
report) dealing with the characters of seedling canes and the work of the 
farm since its commencement has been issued from the press. With the 
rapid accumulation of observations, several new lines of work are opening 
up, all of which it is hoped will in time be dealt with as Memoirs of the Agricul- 
tural Department. 

Casual observations as to the characters of two closely allied indigenous 
cane varieties of South India, Naanal and Cheni, roveal the fact that these 
two canes are advanced representatives of two great classes of canes scattered 
all over the Provinces of India, differing among themselves in size to such 
an extent that their relationship has not been obvious before. ‘Thirty-three 
of these varieties growing on the farms have been brought together and some- 
what exhaustively studied. As stated in a preliminary note, published in 
the Agricultural Journal of India, they axe called the Sunnabile and Saretha 
classes and, with their accurate description, a large part of the less obvious 
classification of Indian canes has been rendered clear. ‘The study of the 
general characters of these two classes has been completed and it is intended to 
summarize these in a Memoir which is nearing completion. 

‘This work has entailed numerous measurements of the lengths of succes- 
sive organs of the cane plant and it has transpired that these measurements 
may be plotted out in curves which have very definite characters for the 
different organs, for the different varieties and groups and even for the local- 
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ites in which they are grown. ‘The results are so instructive as to the growth 
‘of different varieties in diferent places that it is proposed to collect and com- 
pare them and attempt to trace through them the effect of different conditions 
upon the growth of the cane plant. A very large number of measurements have 
now been made in various parts of India and it is proposed to present the 
results of this study in another Memoir, 

A casual dissection of the underground parts of a few cane clumps has 
resulted in the discovery that the different classes of canes, from the wild 
Saccharum spontaneum to the thick tropical canes, while agreeing generally 
as to behaviour of each class, show a series of distinct stages in the classes, 
between these two extremes. ‘The stools of about 20 varieties have been 
disseoted and, these suguest that a definite formula can be evolved for each 
class of canes, which will throw light on its relative stage of development 
from the wild Saccharum. A further corroborative series of dissections is 
included in the year’s work, which will complete the series, It is proposed 
to present: this also in Memoir form. 

‘Numerous observations have been made from the start, on the wild Sacch- 
avums, especially Saccharum spontaneum which is regarded as the wild form 
from which cultivated sugarcane has been derived. It has been demonstrated 
that at least three forms of this species occur, some of them much thicker 
‘than the: common kans grass, and correspond to well defined geographical 
regions, Seedlings have been freely used in crossing with various thick and 
thin canes. If time permits, it is intended to collect the observations and dis- 
sections made of these and other wild species of Saccharum and publish 
them, 

‘Two papers were read at the recent Indian Soience Congress at Bangalore. 
(1) A study of the sucrose variations in successive cane joints by Messrs. 'T. 8. 
Venkataraman and K, Krishnamurti Rao and (2) Arrowing in the sugarcane 
with special regard to selfing and crossing operations by the former. ‘These 
two papers have been published in the special Congress Number of the Agri- 
cultural Jourval of India. A paper has been compiled by Mr. K, Krishnamurti 
Rao on the effect of salinity on cane juice and contains a summary of all the 
“observations made at the Cane Breeding Station on this point.” 


‘Wheat, Little of a scientific nature has been published during the year 
-on this crop and there is practically nothing to add to the details in the previous 
report regarding the selection and breeding work in progress. Seed distribu- 
tion, which has now become a very important item in the work of the Agri- 
cultural Department, will be dealt with in the next Progress Report on Agri- 
culture, ‘The only purely scientific paper published during the year was the 
botanical classification of the wheats of Baluchistan, Khorasan and the Kur- 
ram valley, In this Memoir, the results of a large amount of preliminaty 
work has been recorded which will serve as an introduction to the improvement 
of the wheats of the upland frontier valleys. Attention is also drawn to 
the shortcomings in the existing methods of classification of wheat varieties. 
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Weeds. ‘The rapid increase in the growth of the water hyacinth (Bichor- 
nia crassipes) in several localities in India and the probability of interference 
with navigation in the minor water-courses, have led to a certain amount of 
investigation of this plant. In Bengal, Messrs. Finlow and Maclean have con- 
uoted a number of investigations on the manurial value of tite weed on the 
Dacea farm. ‘The analytical figures indicate that rotted water hyacinth is 
about as rich as farm yard manure (of the same water content) in nitrogen, 
phosphorio acid and lime, but it contains several times as much potash. ‘The 
Dacoa experiments indicate that the plant will prove of use as manure, and 
there are said to be indications in the Distriot that the cultivator is beginning 
to appreciate the agricultural possibilities of the water hyacinth. In Burma, 
it has been found necessary to legislate against this weed and the Burma 
Water Hyacinth Act, No. i, 1917, has been passed in the Local Legislative 
Council. 

Tute. ‘The preliminary work connected with the botanical survey of the 
varieties of jute, commenced in 1906 by Messrs. Burkill and Finlow, has led 
to the isolation by Mr. Finlow of a type known as Kakya-Bombai which yields 
heavy ctops of fibre of good quality. In the present season, 150 maunds of 
seed were sown sufficient for 1,500 acres of land. So far, no pure line has 
been found which combines, in the highest degree, the most desirable qualities 
which are possible, namely (a) high yielding power and (b) maximum strength 
and durability of fibre. It is hoped ultimately to obtain, by means of hybridi- 
zation, what is required. 

Indigo. During the year, an account of the present position of the indigo 
investigations at Pusa was published. ‘The matter was gone into in consider- 
able detail and the report contained chapters on the following—the principles 
underlying the production of natural indigo ; indigo wilt ; seed supply and 
the improvement of indigo. Selection work is in rapid progress and improved 
kinds are now being grown on several estates. A study of the working con- 
ditions disclosed tho important fact that under Bihar conditions, the improvo- 
ment of Java indigo by chemical selection is beset by numerous difficulties 
mainly of a botanical nature. 

Fruit, Attention continues to be paid to the problems connected with 
fruit culture. Dr, Burs has continued his work at Ganeshkhind and has 
obtained. interesting results in training the guava and in crossing various 
‘types of papaya. An exhaustive study of the inflorescence, flowers and 
fruit of the banana is nearing completion, the results of which have not yet 
been published. Among other papers on this subject may be mentioned one: 
by Mr. Vagholkar on the propagation of Zieyphus jujuba in Kast Khandesh. 
by ring budding. 

Root nodules. An interesting paper on this subject by Mr. Gangulee 
has recently appeared in the Poona Agricultural College Magazine. ‘the 
development of nodules on the toots of four plants was studied-~Dolichos: 
Lablab, Cicer arietinum, Orotalaria juncea and Phaseolus Mungo var. radiatus.. 
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In these experiments, numerous nodules appeared on the gram roots five 
days after sowing, while on the other plants these did not appeat till later. 

Chillies, An account of the various types of chillies cultivated in the 
Central Provinces has been published by Mr. K.P. Shrivastava, Eleven 
types are dedcribed of which one is recommended for dry cultivation and 
two others where irrigation is possible. 

Soil aeration. A considerable amount of attention is being paid at 
Pusa to the role of soil aeration in crop production in India. ‘The general 
nature of the evidence in favour of the view that both yield and quality often 
depend on soil aeration is set out in detail in Bulletin 6i of the Pusa Institute. 
This publication has attracted a good deal of attention throughout the Empire 
and has helped to set on foot large number of investigations. At Pusa, 
where collections of types of several crops are grown, it has been found that 
all the varieties which really do well under the local conditions are shallow- 
rooted while the deep-rooting kinds yield poorly and are often attacked by 
various diseases. ‘This accords with the view that the Bihar alluvium acts 
ais a vast oxygen filter separating the atmosphere from the soil water which 
is particularly poor in dissolved oxygen, Only the surface skin of the Bihar 
alluvium is made use of by crops. As soon as the effective root range is 
inereased by surface drainage, the yield improves. Dilution of the soil with 
substances like potsherds which improve the acration also increases the yield. 
Last year at Pusa, the addition of an inch of this material increased the yield 
of grain per acre considerably—in the caso of oats the increment was 366 Ib. 
per acre, in wheat 269 Ib. per acre, ‘The dependence of quality on soil aeration 
has been confirmed by Mr. Clouston’s experiments on cotton, sugarcane and 
groundnuts at Chandishuri near Raipur on the bhata soils of the Central Pro- 
vinces. Further confirmatory evidence on the importance of soil aeration 
‘on growth both from the cultural and anatomical standpoints have been 
published by Mr, Hunter in Great Britain, As this work has a direct bearing, 
on Indian agriculture, Mr, Hunter’s papers have been added to the list at the 
end of this report. 
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ECONOMIC BOTANY. 


Part I1.—Forest Botany 
BY 


R. 8. HOLE, F.CH., PLS. FBS, 
Forest Botanist, 


Soil-aeration.—In co-operation with the Chemical Adviser work was 
continued at Dehra Dun with the object of identifying the factor detrimental 
to root-growth which has been provisionally defined by the expression bad 
soil-aeration, As noted in previous reports, it is believed that this factor is, in 
many cases, primarily responsible for the failure of reproduction in our forests 
and for the root diseases of some of our most important species. It was found 
that if rain water, with an initial content per litre of one milligram of carbon 
dioxide and 7 milligrams of oxygen, was held in corked pots in contact with 
soil taken from a local Sat, (Shorea robusta) forest, the carbon dioxide inoreased 
to 68 milligrams per litre in two days and 298 milligrams in 28 days. On the 
‘other hand, the oxygen content fell to one milligram per litre after two days 
‘and then apparently remained faitly constant, Sal seedlings growing in this 
soil which was thus kept saturated with rain water began to show, after 10-13 
days, signs of root trouble, the leaves tuning yellow and hanging vertically 
downwards, whereas the leaves of the control plants in aerated soil remained 
dark green and horizontally extended. After $1 days in badly aerated soil 
94 per cent. of the seedlings had their roots more or less extensively decayed. 
An attempt was then made to test the effect of carbon dioxide on the roots 
‘of Sal seedlings by growing the latter in water cultures and bubbling the gas 
through the culture solutions. After 12 days, 100 per cent. of the seedlings in 
the injected solutions showed diseased roots whereas only 22 per cent. of the 
plants in the control solutions showed unsound roots. ‘The concentration of 
carbon dioxide attained in the injected solutions (200 to 900 milligrams per 
litre), however, was considerably higher than that found in the soil solution 
in the badly aerated pots. 

Further experiments will be undertaken with the object of testing in 
water cultures the same concentrations of carbon dioxide and oxygen as aro 
actually found to exist in badly aerated soil. 

thas been known for some time that a layer of dead leaves on the surface 

of the ground is inimical to the healthy development of Sal seedlings. Sal 
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seed and the young seedling in the first stages of germination are very liable 
to be killed by drought if they are exposed to sun and dry air and are not 
kkept constantly moist. ‘The injurious action of a layer of dead leaves, there- 
fore, is in part purely mechanical, inasmuch as it keeps the seed out of contact 
with the soil and prevents the delicate radicle from rapidly penetrating the 
moist soil.. In addition to this, however, a layer of decaying leaves on the- 
surface of the soil interferes with soil-aeration and is thus detrimental to root 
development. An experiment was carried ont to test this last point during 
the year. Sal seed was germinated in 4 pots filled with loam from a local 
Sal forest and when the seedlings were well established and had produced 
healthy green leaves a layer of dead Sal leaves, 6 leaves thick (which is approxi- 
mately equal to the annual leaf-fall), was placed on the surface of two of 
the pots containing 26 healthy plants, the remaining two pots containing 24 
seedlings being kept as controls. Tn four weeks, the foliage had tured brown 
on 6 of the plants in the pots with dead leaves while all the controls were quite 
healthy. At the close of the experiment after 6 months, the average length: 
of root of the control plants was 2-9 inches while in the pots with dead leaves 
the average length was 14 inches only. 

‘Phe effect of carbon dioxide on the root development of Sandal (Santalum 
album) seedlings was also tested by growing the latter in water cultures and 
bubbling the gas through the culture solutions for 10-15 minutes daily. After 
a period of 6 weeks, the 14 control plants wore all quite healthy whereas all 
the 14 plants in the injected solutions had their roots extensively decayed. 
At the close of the experiment the concentration of the carbon dioxide was 
500—1,300 milligrams per litre, 

Forest Grasses.—During the year, the Forest Botanist visited the 
grasslands on the banks of the Brahmaputra in the neighbourhood of Goalpara 
and identified the dominant species. ‘The chief species is Saccharum spon- 
taneum, Linn, the subsidiary species being Phragmites Karka ‘Trin., Saccharum 
arundinacewn, Retz, and Saccharum fuscum, Roxb. All of these are suitable 
for paper-manufacture and a supply amply sufficient for a pulp-factory’ 
appears to be available. A cutting rotation of 2 years is suggested as most 
suitable to commence with and local experiments have been prescribed for 
‘the purpose of finally determining the best rotation most suitable to the loce! 
conditions. In connection with a scheme to work wlla grass (dnthis‘iria 
gigantea, subsp, arundinacea Tack.) for paper pulp, experiments were initiated 
in the Pilibhit Division of the United Provinces last year, in accordance with 
the Forest Botanist’s suggestions, for the purpose of determining the most suit- 
able rotation. In the case of this grass, at the time of cropping in the cold 
season, the plants usnally contain a number of immature green leafy culms. 
‘The cutting of these decreases the dimensions and yield of flowering culms while 
‘the inclusion of them in the eut crop is also undesirable from the point of view 
of the pulp-manufacturer, inasmuch as they cause agglutination and interfere 
with the bleaching. In addition to damage by cutting. this grass is locally 
very liable to fire damage. Fire injures the plants directly by destroying and 
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-damaging the culms and rhizomes and indireotly by drying the soil and increas- 
ing the damage by grazing of the-young shoots in the hot season by deer and 
‘other animals. ‘The results of the first year’s experimental working are strongly 
in favour of a treatment of annual cuétings of flowering and dead culms only, 
‘coupled with fire protection, the immature leafy culms not being cut, and it 
seems probable that this will be the best system to adopt. 


Sissoo Root-disease.—During the year the Botanist visited the Changa 
Manga plantation in the Punjab where the Sissoo (Dalbergia Sissoo) has long 
been suffering from the attacks of the root fungus Fomes lucidus, Fr. In 
these irrigated plantations, under the system of working now in force, the 
conditions of water-supply are by no means ideal for Sissoo, at some periods 
of its growing season there being too much water and insufficient soil aerati 
while at other times there may be a deficiency of water. ‘This irregularity 
it is believed increases the susceptibility of the tree to the attacks of the 
fungus, 

Ttiis interesting to note that Petch, some years ago in Ceylon when studying 
the root disease of the Coconut Palm caused by this same fungus, reported 
that it occurred “under both extreme conditions of water-supply, but not 
under intermediate, more normal, conditions.” Experiments have been 
initiated at Dehra Dun to test the susceptibility of Sissoo to the attacks of 
the fungus under different conditions of soil moisture and gration, With the 
help of local officers it is also hoped to start experiments with different 
methods of irrigation and meanwhile it is at all events advisable to see that, 
in all sites selocted for new plantations, all old stumps are first rooted out 
and burnt and to prevent as far as possible infection being brought from 
outside in the canal water or otherwise. 

Spike Disease of Sandal.—Dr. Coleman published an important paper 
during the year desoribing the experiments in which he succeeded in com- 
municating the spike disease to healthy sandal plants by grafting them with 
spiked branches. 

Systematic.—The two descriptive lists for the Central Provinces were 
published during the year and Mr. Parker's forest flora of the Punjab is in 
the Press, ‘The Botanist read a paper on the Indian species of Iseilema at 
the Science Congress held in Bangalore in January. The species of this genus 
have been much confused in the past and in this paper emphasis was laid on 
the fact that systematio work on the accurate definition of species is essential 
for economic development. Incidentally also such work is of scientific im- 
portance in its heating on the question of the origin of species. 
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TIL.—Mycology and Plant Pathology. 


BY 


B. J, BUTLER, M.B., PLS, 
Imparial Mycotogiat, 





Agricultural Research Institute, Pusa.—The following is an account 
‘of the chief investigations at Pusa during the year. 

Ura of rice,—The investigation of “ufra,” a disease caused by an 
eclworm, Tylenchus angustus Butl., was continued by the writer in eollabora- 
tion with the officers of the Bengal Agricultural Department. During the 
year, it has been traced across the Megna into the districts of Bakerganj and 
Faridpur, as far as the borders of Kulna, Five districts, Noakbali, ippera, 
Dacca, Faridpur, and Bakerganj, are now known to be infected, and exten- 
sion is probably going on into Mymensingh, Kulna, and Sylhet, 

Enquiries were directed to elucidate some of the anomalies observed in 
the parasitism of the worm. It has been confirmed that the spring or “ boro” 
-erop escapes, although often exposed to infeotion from a previously diseased 
“aman” or winter orop, and that, in general, the transplanted varieties are 
not attacked. It has been established that the “boro” erop, grown under 
irrigation during the dry months from January to April, avoids damage merely 
Decause the worms are unable, in dry weather, to leave the water to climb 
up to the suscoptible parts of the rice plant, which are towards the top of the 
shoot. Experiments have proved that the worm ean live for at least 8 months 
if fully dried and for much less—probably less than 2-months—if totally 
immersed, but that under such conditions it neither feeds, nor grows, nor 
reproduces. In very humid air, however, it moves readily outside the water, 
and it is only in really daip weather that migration to the above-water parts 
of tho rice plant ocours, and that feeding and reproduction become possible. 
‘Henco the active life of the worm is confined to the poriod from June to Novem- 
ber, when humidity is high, and for the rest of the year it remains quiescent 
or at most, if ib reaches water, swims about for a few weeks without feeding 
or multiplying. ‘Thus, though it is possible that there is some infection of 
the young “boro” seedlings in the first month after they are transplanted, 
no further injury can be caused once the dry weather comes, and the erop 
matures in safety. 
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In some areas, the period of active life may be prolonged into February, 
since there exist low-lying patches which do not dry out after the annual 
innundation until February, and-a second growth of small shoots with dwarf 
ears comes from the winter paddy stubble in such spots. The heavy night 
dews of December and January allow of infection of this second growth, but 
by the end of February even it ceases to support the parasite, Leaving 
aside these areas, the broadesisted winter rice lands usually dry out in December, 
and the parasite remains quiescent in the dry stubble until the next crop is 
pput in, in March or April, It then resumes active motion, but the experiments. 
indicate that infection of the growing crop does not occur before May, when the 
tains usually break in these districts and humidity rises enough to permit of 
migration. By June, attacks on the maturing “aus” or autumn paddy are: 
visible and by July they can be found in the still immature winter crop. ‘They’ 
‘would doubtless be observed a month or so earlier, were it not that the symp- 
‘toms of infection axe not easily recognisable in immature plants and that, 
since multiplication does not begin much before June, the early attacks are 
‘usually mild. In transplanted paddy conditions are different. ‘The transplant~ 
cd rices (leaving out the “ boro” and the rare transplanted “aus” kinds) are* 
‘usually put outin August in relatively high fields. After harvest, these fields 
carry little stubble and are well cultivated as compared with the lower land.. 
Experiments have shown that removal of the stubble is usually effective in 
preventing the disease and the fow worms that may be left behind are ploughed: 
in early and do not survive long. Occasionally a transplanted field becomes 
attacked (usually, no doubt, by spread from a neighbouring low fitld as the 
flood rises) but such attacks are rare and the parasite is not likely to survive 
until the new crop is put out in the following August, Hence the immunity of 
transplanted paddy is due to the relatively high level at which it is grown, 
to the more complete removal of the stubble at harvest, and to the early and: 
thorough cultivation given to the ficlds in the spring. 

‘Where the land dries out in December (as in most of the infected tract), 
the reinoval or burning of the stubble, combined with early cultivation, is the 
est way to combat tho disease, ‘This method has been. entirely successful’ 
in a number of experiments earried on at Pusa and Dacea, and promising re- 
sults have also been obtained on a fied seale in several infected areas. In the 
low-lying patches, which do not dry out by the beginning of the year, it has 
failed. ‘The failure is due to the difculty in buming the wet straw and in 
cultivating the muddy soil so as to eauso the debris to decompose. In such 
places, the worm has normally only to go through a month or two between. 
death of the second growth from the stubble and the germination of the new 
cop. Hence early attacks occur, and each such patch serves as a foous of 
infection. ‘To deal with these cases, experiments aro being undertaken in 
two ditections, Where a permanent water channel ean be cut, the fields along 
its banks may be lowered and embanked so as to grow the immune “boro” 
cop ; and whore this is impracticable, the swampy patches may be drained 
0 as to permit of carly cultivation and stubble-destruction. 
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Other remedial measures being tried comprise the growth of early maturing 
‘kinds, which escape severe damage owing to their short growth period not 
allowing of much multiplication of the parasite; the encouragement! of 
jute cultivation, with a view to establishing a rotation ; the encouragement 
of transplantation ; and the more extensive growth of cold weather crops. 
An account of the investigation to date has been prepared for publication, 
It is of interest to note that a second species of Tylenchus, agreeing in its main 
features with the peculiar mode of life of Tylenchus anguatus, has recently 
een recorded attacking black currants in England, and it is probable that 
other cases will be found. 

Orobanche on tobacco and Brassica, —Wurther experiments were carried 
out by Dr. Shaw with the object of testing the claim that sodium nitrate iy 
a specific against this pest. ‘The results of the previous season's work had 
been partly obscured by the fact that the amount of Orobanche appearing in a 
plot seemed to depend as much upon the degree of infection in the soil as upon 
‘the influence of any application of sodium nitrate. During the season 1916-17 
the experimental plots were so arranged, in the light of the information gained 
uring the previous season, that this factor was eliminated: It was then 
found that the amount of Orobanche which came up in any particular plot 
depended largely upon the degree of infection in the soil and was practically 
uninfluenced by any application of sodium nitrate upon an agricultural scale, 

‘The species of Orobanche examined were O. cernua Leefil, and O, indica 
Ham, and, as in the previous season, the former proved to be restricted to 
‘Solanacew while the latter occurred principally upon Cruciferc, and only to a 
modified extent upon Solanacee. With a view to testing the parasitism of 
these species in greater detail than was possible within the limits of a field 
experiment, @ series of pot cultures was carried out. Four host plants were 
used, namely tobacco, cabbage, mustard, and turnip, and these host plants 
were infected with seed of 0. cernua and O. indica which had been collected 
from Orobanche parasitic hoth upon the species of host plant infected and upon 
‘the other three host plants. ‘Thus pots containing tobacco plants were infeo- 
ted with seed of O. cernua collected from 0. cernua upon tobacco, and with 
seed of 0. indioa collected from 0. indioa upon mustard, from 0. indica upon 
tobacco, from O. indica upon cabbage, and from 0. indica upon turnip. ‘The 
same treatment was applied to mustard and to the other host plants. ‘The 
results showed that 0. ceraua was strongly parasitic upon tobacco, and did 
not attack the other three hosts; while O. indica was not parasitie upon 
tobacco unless the seed used had been collected from plants which were 
parasitic upon this host, in which case such seed was not eapable of infecting 
mustard plants, Seed of 0. indica collected from plants parasitic upon either 
niustard, eabbage, or tumip, however, would not infect tobacco but was strongly 
parasitic upon all of these hosts. ‘Thus there appears to be two races, or 
strains, of 0. indica, one parasitic upon tobacco and not infecting mustard, 
and the other parasitic upon mustard, or the allied cabbage and tumip, and 
not infecting tobacco. Certain of the pot cultures received heavy applications 
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of sodium nitzate, which, however, did not have eny marked effect upon the: 
occurrence of Orobanche ; the details and results of all the above experiments, 
are now in the press. 

Phytophthora investigations,—Mr. Dastur has continued his studies 
on this important genus. ‘The * Black ‘Thread ” diseaso of Para rubber trees 
is fully described in the “Memoirs” and, as a result, the attention of other 
workers has been directed to the similar condition prevalent in Ceylon and 
Java, Tt seems clear that the disease is found in most parts of the East 
where rubber is grown, but the Java workers still hold that it is due to: 
the same parasite that causes rubber and cacuo canker, and is not a new 
disease. Mr. Dastur has given reasons for believing the parasite to be a 
distinot species, a matter of considerable economio importance since the canker 
fungus is common especially in the neighbourhood of infected cacao trees. 
He has found the Black ‘Thread fungus to be much more restricted in its 
parasitism than Phytophthora Faberi (the canker fungus) and has quite failed 
to got it to attack eacao and other hosts of the latter. The remedial measures 
recommended are being tested on a plantation soale in Burma, ‘The chief are 
the free admission of light and air amongst the trees by judicious thinning and. 
‘the cessation of tapping during the monsoon months on all diseased trees. 
In South India, where the same or at least a closely allied species is under 
investigation, good results have been obtained by'the application of antiseptic 
and waterproof smears to the cut surface left after tapping. ‘Tar and tallow ; 
sulphur, cowdung and clay, have been used, and no doubt other more efficient: 
mixtures will be found. It is not yet certain whether similar measures will 
be required in the relatively drier parts of the Burma rubber districts and, 
at tho time of writing, Mr. Dastur is oarrying out further enquiries in Burma, 

A second Memoir contains an account of a biologic variety of Phytophthora 
parasitioa Dastur, found in Pusa on Vinca. Tt is a weak parasite, inoculations 
failing as a rule unless the atmosphere is almost saturated with moisture, but 
suooeeding in damp air on a considerable number of garden plants. ‘The 
fungus is, therefore, of more soientifie than economic interest. 

Ina third paper, Mr. Dastur discusses the conditions influencing the distri- 
bution of Phytophthora infestans, the cause of the common potato blight. In * 
India the fungus is ordinarily restricted to the Himalaya, Khasi, and possibly 
Nilgiti Hills, but. periodical outbreaks have been observed in the Gangetic 
plain and the valleys of Assam and Sylhet. An analysis of the conditions 
Tending to these attacks indicates that temperature, moisture, and source of 
origin of the tubers are all important factors in controlling the distribution 
of the disease. Long exposure to temperatures above 77° Fis already known 
to be fatal to the fungus, and such temperatures are usually found at the 
time of sowing the plains’ crop. Furthermore, damp weather at. the period 
of fructification of the fungus (January and February in the plains) is neces- 
sary to permit free reproduction and dissemination. And unless the tubers. 
come from some already infected area, such as the Himalaya or Khasi Hills, 
they arenot liable to contamination and they will escape disease in the plains, 
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since the plains’ crop is normally free and local infection not usually torbe feared. 
‘The outbreaks investigated showed that the seed used was probably infected. 
that it was brought from the Hills when the temperature below was under the 
normal for sowing time, and that the crop was exposed to rain or ground 
fogs as it ripened. Unless all these conditions are met, the crop may be ex- 
pected to escape in the plains and in most of peninsular India, 

Rhizoctonia and allied fungi.—Evidence was obtained that the jute 
disease caused by Rhizoctonia is associated, in severe attacks, with deficiency 
of some soil constituent, and the enquiry is being continued by Mr. Finlow, 
Fibre Expert to the Government of Bengal, who has obtained results pointing 
to potash as the constituent in question. Soil conditions are probably also 
concerned in the cotton disease known as “root rot” in northem and west- 
em India, which is frequently associated with the same fungus. The writer 
visited the Punjab in connection with this case. Dr. Shaw has continued his 
study of the sclerotial diseases of sugarcane and rice. At least three distinct 
forms attack sugarcane, one being identified as Rhizoctonia destruens, while the 
other two have not yet been named. One of these latter (or a very similar 
species) has also been found attacking rice, and all these, together with some 
other species obtained on various crops during the year, are being submitted 
to comparative study. 


Anthracnose of Chilli and other erops.—The chilli disease at Puse 
ascribed in last year's report to Colletotrichum nigrum, has since been deter- 
mined, with the aid of the United States Department of Agriculture, to be due 
to a distinct fungus. The latter has now been identified with Vermicularia 
Capsici, already known in Madras, while the true Colletotrichum nigrum has 
been found recently in Burma. A third allied form, Glomerella piperata, 
oceurs sporadically throughout India. It has been decided to restrict the 
name “ anthracnose ” to the diseases caused by the last two (which are doubt- 
fully distinct) and to call the Vermicularia disease “ die-back.” Die-back is 
much the worst of the three, and experiments have been continued with a 
view to obtain a satisfactory treatment. Seed selection, from which much 
was hoped, has failed, but it has been found that one or two sprayings with 
Burgundy mixture at the end of the rains give good results. Further 
experiments are in progress. The same confusion in regard to the fungi 
causing anthracnose in pulses and Solanacee appears to prevail. Vermi- 
cularia Capsici has been found to attack these plants and to cause a disease 
resembling the anthracnoses to which they are also subject. Mx. Dastur 
is carrying out a detailed study of these forms. 

Sal tree disease.—Dr. Shaw has continued his work on this disease, 
which appears to be causing increasing damage in north Bengal. The life 
history of Polyporus Shore is being followed out in culture and its parasitism 
tested by inoculations in the forest. ‘The work has not yet given definite results. 

Miscellaneous.—Extensive trials of spraying against peach leaf curl we 
carried out near Peshawar by Dr. Shaw, in co-operation with Mr. Roby 
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Brown, Agricultural Officer, North-West Frontier Province, the results 
eing distinctly encouraging. Powdery soab of potatoes, caused by Spon- 
gospora subterranea, was recorded from Bombay for the fist time in Indi 
‘This is the first parasitio Myxomyeete found in the country. ‘The suspected 
cause of the soft rot disease of ginger has been isolated and its parasitism 
established not only on ginger but on chilli, tobacco, and other plants. It is 
a Pythium, allied to P. gracile. Several parasites of tea and coffee, not hitherto 
Known to occur in India, were identified, amongst them being Rosellinia 
bothrina, Sphevrostilbe repens, and Cercospora coffeicla. ‘The writer has pub- 
lished an examination of the factors controlling the dissemination of parasitic 
fungi and of the legislative measures which may be applied to the protection 
of crops against introduced diseases, ‘Two types of dissemination are distin- 
guished, continuous or short-range and discontinuous or long-range. For 
the former, furigi are so well equipped that measures to check it are likely to 
prove abortive, For the latter, however, human activity as displayed in the 
moving of living plants from one part of the world to another, is by far the 
most important factor and is susceptible of control. A detailed examination 
of the history of many of the chief diseases of economic plants which have 
appeared in recent years, shows plainly that they follow the trade routes 
and are closely bound up with movements of living plants, conveyed by 
traders, botanists, and settlers. It is open to question whether the benefits 
‘thus gained are not outweighed by the losses caused through the introduetion 
‘of disease. The application of legislation to the checking of this dangor is 
Aisoussed at length, with particular referonce to the International Phyto- 
pathological Convention of Rome, drafted in 1914. 


Other Scientific Departments.—'The following are the chief items of 
mycological work carried out by other scientific departments, chiefly Depart- 
ments of Agriculture, 


Madras.—The following note has been communicated by Mr, MeRae, 
‘Government Mycologist. 

“ ‘The cultural work on Bphelis Orye Syd. has been advanced, but the 
whole series of inoculations on paddy in the field this year has yielded no 
Aefinite results. Fomes australis, a fungus produced on dead plants of Cofea 
arabica, has been brought into culture and has fructified in culture. ‘The 
mycelium from a culture inooulated on the roots of Grevillea robusta, a common 
shade tree of coffee estates, infected them, but on the roots of Coffea arabica, 
‘Acacia decurrens, and Zieypus rugosa it did not on those examined, and the 
others have as yet: shown no outward sign. Inoculations will be repeated 
during the rains. The fungus has also been found on orange trees that: had 
recently died. ‘The method of control of the fruit disease of Capsicum frutee 
‘eens, eaused by Vermicularia Capsici, is being worked out in the field. Bor- 
deaux mixture, when sprayed evenly enough, prevents the fungus from attack 
ing the fruits but, as the fruits axe produced over a long period, spraying, to be 
effective, has to be done several times. 
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“The species of Phytophthora found on Hevea brasiliensis has been found 
to be parasitic on Hevea as a fruit-rot, a leaf disease, a die-back of branches, 
and a bark rot. ‘The fungus lives through the dry weather as mycelium in 
the branches that have died back and as resting spores in the fruits. Experi- 
mental work with a view to check the fungus is being done this year on 350 
acres of planted Hevea. Dead branches were removed after the flush of 
Teaves developed, and fruits were removed before the coming of the rainy 
season. By inoculation, the fungus has been found to be parasitic on 
Manihot Glaziovis (Ceara rubber). 

Notes on some South Indian fungi of interest are: published by Mr. 
McRae in the Year Book of the Madras Agricultural Department. 

Mr. Sundararaman has contributed to the last-named publication a note on 
the common Sorghum smut, Cintractia (or Sphacelotheca) Sorghi. He estimates 
‘the loss at 10 per cent. of the crop in many districts and gives an account of 
its characters, mode of infection, and control. Copper sulphate, formalin, 
and hot water have all proved effective in seed disinfection and properly used 
will give acrop free from smut. For practical reasons he advocates the 
first named, used in 2 per cent. solution, the period of immersion of the grain 
being 15 minutes. He shows that this cereal is very resistant to copper sul- 
phate, germination being unaffected by strengths more than sufficient to Iall 
the fungus. 

Mr. Anstead, Deputy Director of Agriculture, Planting Districts, carried 
out the following work in the Scientific Department of the United Planters’ 
Association of Southern India. 

‘The brown blight of tea, caused by Colletotrichum Camellic, has recently 
become prevalent on tea estates and has caused considerable damage, especi- 
ally to nurseries. Hitherto it has been looked on as a minor pest and the 
‘conditions leading to its sudden virulence are not understood. It has been 
studied in co-operation with Mr. McRae, and recommendations for treatment 
made. In nurseries, it is recommended that as soon as the disease appears, all 
attacked leaves should be picked off and burned and the plants then sprayed 
with Bordeaux mixture. ‘The nurseries should be kept open to light and air, 
free from weeds and fallen leaves and as dry as the plants will stond. Liming 
the soil is also advantageous. After the plants are put out as supplies or in * 
new clearings, the same general meagures are required. In old tea, when the 
attack is severe, prunings and fallen leaves should be burned, the ground 
limed at the rate of 5 owt. per acre, rapidly acting nitrogenous manures avoided 
and phosphates and potash (or wood ash) applied. Very successful results 
‘have been obtained by these measures on an estate scale, 

Grey blight of tea, caused by Pestalozzia, is often mingled with brown 
blight and can be controlled in the same way. 

Coffee black rot (Corticium Koleroga) and leat disease (Hemileia vastatriz) 
have algo been attacked by spraying. The experiments have shown that the 
former disease can be successfully controlled with Bordeaux mixture combined 
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with regular pruning. Leaf disease, however, is more troublesome. If large 
areas, up to 100 acres or more, can be sprayed before the attack begins, the 
disease is lessened and after some years of regular treatment it would probably 
be reduced to negligible proportions, On a small scale, however, the sprayed 
patches are quickly reinfected from the untreated areas, 

Experiments in the control of the Phytophthora disease of rubber were 
carried out in co-operation with the Government Mycologist. Four large 
plots were taken up in different localities in 1917 and various methods of 
treatment are being tested. No results ean be expected. as yet. 

‘An attack by a species of Glaosporium occurred on a tea estate two years 
ago and caused a severe leaf-fall. It was treated by removing diseased and 
fallen leaves and spraying. ‘Then the dead wood was pruned out, the soil 
cultivated, and lime and nitrolim added. ‘This was successful at the time, 
but a new attack developed this year. Ib is uncertain whether the disease 
{is « new one ; it seems to resemble in some respects a disease which does con~ 
siderable damage at times in Assom but has not, as yet, been studied scienti= 
fically. 


Mysore,—Dr. Coleman, Director of Agriculture, has published » bulletin 
giving the results of the proliminary investigations of the “ spike” diseaso of 
sandal, a disease which threatens the existence of this tree in South India, 
After jiving an account of the origin and spread of the disease and reviewing 
previous work, the author disousses the histological changes in the tissues of 
‘flected trees and notes the evidences of profound physiological disturbances 
in their metabolism. ‘The chief of these is the presence of abnormal quantities 
of starch in the tissues. ‘This feature has been correlated with diminished dine- 
tatio activity of the diseased, as compared with healthy, leaves, so that the 
starch formed is not sufficiently translocated. ‘There is probably also an actual 
{increase in carbon assimilation in the early stages of the disease, though the 
evidence on this point is not yet fully available. No parasite has been found, 
and the author inclines to the view that the cause is virus whose active 
principle is an ultramioroscopic organism. ‘The similarities between “ spike ” 
and certain other obscure diseases, such as“ peach yellows”, are noted and 
experiments described showing that infection can bo obtained by grafting a 
diseased branch on to a healthy stock, as in the last-mentioned disease. In- 
fection by other means has s0 far failed. No evidence was obtained that external 
conditions of soil, climate or the like have any connection with the disease, 
beyond increasing its virulence, but it has been conclusively proved to be an 
infectious disease. How it spreads is not known, but diseased trees are a 
danger and should be promptly removed. This is the only recommendation 
that can be made at present. 

Dr, Coleman’s work on black rot of coffee, caused by Corticium Koleroga, 
mentioned in last year’s report, has been written up and will be published 
shortly. A note on the fungi attacking green bug (Coceus viridis) will also, 
it is hoped, be issued soon. 














ECONOMIC BOTANY—MYCOLOGY AND PLANT PATHOLOGY. 5S 


Practical measures against areca palm diseases were continued. Consider- 
able promise of success against the root disease (caused by Fomes lucidus) 
by trenching and liming heavily, has been obtained. ‘The campaign against 
Koleroga (caused by Phytophthora Arece) has yielded excellent results. In 
one gorden the disease has been stamped out, no case having oceurred for two 
years; and others that have remained free under treatment for several years 
will now be left alone to see if there is any recurrence. 

Bombay.—Mr. Ajrckar has continued the study of a disease of citrus trees 
associated with a species of Nectria. Inoculations with this fungus have so 
far failed. ‘The disease was successfully treated by spraying with Bordeaux 
mixture and resin just before the rains. He has also attempted to establish 
a relationship between a Splacelia which is parasitic on ears of jowar and a 
Cerebelia found in the same situation. It is still uncertain however, whether 
the latter fungus is not merely a parasite or epiphyte on the former. Other 
research work by this officer inchuded enquiries into a cardamom disease in 
Kanara, the connection between Fusarium and the scab of citrus (whicl 
reeent work at Pus has shown to be ordinarily a bacterial disease) and the 
life history of Ustilaginoidea virens on rice. The note on the use of copper 
sulphate in preventing sugareane smut, referred to in last year’s report, has 
been published. 

Messrs. Ajrekar and Kulkarni have commenced the study of the rotting of 
stored potatoes. So far three rots have been distinguished : 9 dry rot due to 
Fusarium, another due to Rhizoctonia, and a wet rot, which is bacterial. 


Mr. Kulkarni has completed and submitted for publication his study of 
the smuts of jowar (Sorghum) in Bombay. ‘The fungi concerned are Sphace- 
Totheca Sorghi, S. eruenta, Ustilago Reitiana, and Lolyposporium fitiferum. A 
more detailed account of the work is deferred until next year. This officer 
has also continued the campaign against ‘ Koleroga ” disease of areca palms, 
12,000 trees having been sprayed against 9,000 the previous year. A small 
plot has been taken up in Surat district for the selection of sugarcane against 
red rot. 





Mr. Patwardan was in charge of operations against grape-vine mildew, 
and has commenced work against vine anthracnose. The operations have 
been extended from Nasik to Satara and continue to give very satisfactory 
results, 

Central Provinces.—The work of this Department was caried ont, 
in the absence of a mycological staff, chiefly in the direction of identifying 
diseases with the assistance of Pusa, and in isolating disease-resisting varieties 
‘of crops. Much damage was done to tice by Selerotium Oryew and 
steps are being taken to find resistant varieties. Promising varieties of rust- 
resisting wheats are now being tested at Jubbulpore. ‘The destructive fungus, 
Cercospora beticola, was recorded for the first time in India and the perfect 
stage of the peach rust obtained, also for the first time. Citrus diseases were 
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‘observed, the chief being an attack of Rhizoctonia on lemon seedlings and a 
Aisease of citrus stocks in the Nagpur nursery which may be due to Phoma 
‘macrophoma, ‘* Foot rob” aid slight damage at Tharsa, 

Indian Tea Association.—Mr. Tunstall, the Myoologist of this Depart- 
ment, has continued his investigation of the root diseases of tea. He has 
succeeded in obtaining the perfect stage of one species of Rosellinia para- 
sitio on this plant and also in obtaining material and cultures of the red rob 
disease, which permitted of the identification of the parasites at, Pusa as Rosel- 
Tinia bothrina and Sphaerostilhe repens respectively, both new to India and 
the latter new for tea. ‘The former is prevalent in Darjeeling, but is not the 
only Roseliinia attacking tea in India. It can be checked in early stages by 
liming and clean cultivation, Sphevostilbe ocours in stiff, acid soils and 
‘can be checked by removing diseased bushes and liming the soil, 

A disease of tea stems in Darjeeling and the ‘Terai has been found to be 
ue to a Nectria which spreads from certain shade trees. It is a wound para 
site of tea, entering at the wounds made by pluckers and extending down 
80 a8 to kill the bush in two or three years, It can be stopped by pruning 
out diseased stems and applying lime-sulphur solution immediately. ‘This 
treatment was stcoessful on a large area in the Terai and is being widely 
adopted. 

‘The practical methods of blight prevention received much attention but 
progress was slow, owing to the war, A scheme for general co-operative blight 
treatment was favourably received by the Darjeeling Planters’ Association and 
experiments on a large seale have been arranged for. 

Other work inchided observations on the dissemination of blister blight, 
experiments on the effect of general spraying treatment on the yield of tea, 

And. an enquiry into the cause of deterioration of certain bheel gardens in 
Cachar and Sylhet. 
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Imperial Agricultural Bacteriologist. 


WORK AT PUSA. 


Soil fertility in its relation to bacterial activities.—This included! 
farther work upon nitrification with special reference to the interference 
with this process resulting from— 

(1) The absence of the necessary specific organisms in some soils, 
(2) The inhibiting action of toxins produced in soils under semi-anaero- 
bic conditions. 

‘The apparently complete absence of nitrifying organisms in certain soils. 
‘was certified and confirmed by continued examination of further samples in 
which nitrification of added organic matter was secured only after inoculation 
with nitrifying organisms derived from other soils. The principal feature 
of such soils probably responsible for the absence of nitrifying organisms 
is the bad texture making good tilth dificult to obtain ; added to this is a 
deficiency of lime. Both these objectionable features would have to be modi- 
fied by cultivation, growth of green manures, and addition of lime, before 
inoculation of the soils could be attended with success. Defective nitrifica~ 
tion was found especially marked in certain soils from Ranchi, 

Soil I.—Did not form any nitrate at all either with ammonium sulphate: 
or cake, even on addition of lime. Inoculation with Puss soil produced nitri- 
fication of 75 per cent. of ammonium sulphate and 90 per cent. of eake nitrogen 
in six weeks time, 

Soil IL.—this soil failed to produce any nitrate from ammonium sulph- 
ate in six weeks, but nitrified 50 per cent. of added cake nitrogen in this time, 
probably owing to the introduction of nitrifiers with the cake. Inoculation 
with Pusa soil resulted in complete nitrification of the ammonium sulphate 
in six weeks and of the cake in four weeks. In this soil addition of lime 
increased the rate of nitrification, 

Soil II1.—This soil nitrified 25 per cont. of added ammonium sulphate 
nitrogen in four weeks; inoculation produced complete nitrification (100 
per cent.) in the same time. 








Soil IV.—15 per cent. ammonium sulphate was nitrified in six weeks ;. 
inoculation produced. complete nitrification in the same period. 
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‘The addition of lime alone produced increased nitrification in the soils 
2, 8, 4 but had no effect on soil 1, nor was the addition of lime only in any 
cease as efficacious as inoculation, 

Barley and maize germinated and grew well in these soils for one week, 
.atter which growth stopped, the seedlings lost colour and all died after three 
weeks. . 

‘The effect of toxins produced by bacterial action upon nitrification was 
further studied, It was'found that soil-plus organio matter incubated under 
seini-anaerobie conditions gave a water extract which considerably lowered 
the rate of nitrification when added to another soil. ‘This extract, on being 
made alkaline with eaustio soda, gave a white precipitate, containing more 
than five per cent, nitrogen ; this substonce has a decided retarding effeot 
‘upon nitrification, Acidification of the filtrate from the above yielded a 

_ white exystalline substance soluble in dilute acids and containing rather more 
than four per cent. of nitrogen ; this substance was found to increase the rate 
of nitrification in Omelianski solution, 

Phosphate requirements of soil bacteria and their relation to 
plant growth.—A series of experiments dealing with this subject was 
initiated ; the results so far obtained did not suggest that solubilization of 
tricalcie soil phosphates by bacterial action is sufficient in amount to 
produce a surplus supply of soluble phosphate for the direct uso of higher 
plants, but rather that the bacteria dissolve only sulficient, for their 
‘own requirements, Tt seems clear, howover, that such important fertilizing 
Dacterial actions as nitrification depend for their occurrence in any useful 
degree upon proper supplies of phosphatic bacterial food, and it is also clear 
that carbonic acid resulting from bacterial action in the soil will in course of 
time solubilize sensible quantities of mineral phosphate. 


Biological analysis of Soils.—Numerous samples of soil were analyzed 
by the method elaborated in this Inboratory ; much useful information has 
een obtained in this way as to the close relation between bacterial activity 
and soil fertility. Application of the method to Reh soils in the Punjab 
was found of great value by the Agricultural Chemist to the Government of 
the Punjab, whose assistant had been trained in its use in this laboratory. Tt 
is to be hoped that the untimely death of Mr. Barnes, whose criticism and 
advice in conneotion with the chemical methods involved were of great value 
to me, will not prevent a continuation of this enquiry. 

Fomiliarization with the use of the method forms a useful preliminary 
training for students in this section. y 

Green manuring.—Kicld experiments on the modified method of green 
manuring devised in this laboratory, have been continued in collaboration 
with the Imperial Agriculturist on the farm, and also in the bacteriological 
area, where a very large ctop of Java indigo was obtained by its use ; this 

serop was not only heavier than those obtained on control plots manured with 














AGRICULTURAL BACTERIOLOGY. 59 


-cake, but on analysis by the Indigo Research Chemist was found to contain a 
higher percentage of indican. 

Leguminous root nodule organisms.—Hxperimental work upon cross 
inooulation with different strains of Ps. radicicola was cartied out by Mr. 
Joshi, First Assistant in this section. Tt was found that in several instances 
very substantial increase in growth both of roots and of the whole plant resulted 
from inoculation although characterized by complete absence of nodule 
formation. This was especially the case when cultures from one species of 
plant wore used to inoculate a different species; it is suggested that this 
forms a case of incompletely developed, symbiotic relationship due either 
to greater resistance to invasion on the part of the host plant, to less para~ 
sitie ability on the part of the invading organism, or merely to a lower degree 
either of stimulation by the parasite or of reaction to stimulus by the plant. 
‘The results of this enquiry will be published shortly. 

Plant diseases.—Bacterial diseases of wheat, Poppy, and Citrus trees 
‘were under investigation during the year. A memoir on the first of these is 
now in the press. 

Poppy.—Blackening and slimy decay of the stem and leaves of the opium 
poppy and other varieties was found to be due to bacterial rob ; a description 
of the disease and of the causative organism is in hand for publication. 

Citrus canker.—This discase has been known in India for several years ; 
some forms of it were found to be due to the action of Ps. Citri well known 
as the cause of this disease in Africa and America where it has caused very 
widespread and serious damage. Further investigation will be made during 
the next year. 

Indigo.—Work on this subject has been continued in collaboration with 
the Indigo Research Chemist and has afforded further confirmation of the 
importance of bacterial action in indigo manufacture. 

Tt has been shown that the failure in factory practice to obtain nearer 
approximation to the theoretic yield of indigo from the plant is due to several 
factors of which the following have now been found to be of importance. 

(1) Destruction of indican in the leaf during fermentation or steepin, 
This appears to be due to several causes all preventing the desir- 
able change of indican by hydrolysis into indoxyl. ‘These 
probably include the action of plant enzymes and bacteria 
other than those producing indoxyl from indican. With this 
source of loss may be associated 

(2) Incomplete extraction of the indican, as although no residual in- 
dican may be found remaining in the plant after steeping, yet 
investigation has shown the very strong probability that its 
absence is due not to removal into solution in the steeping water 
Dut to actual destruction or decomposition in sifu. This 
destruction appears to-be due partly to enzymic and partly to 
Dacterial activity other than that resulting in production of 
indoxyl. 
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Control of the fermentation taking place in the steeping vats must there~ 
fore take the form of introducing conditions which will minimise such losses, 
probably on the following lines. 

(1) Promote rapid extraction and so remove the indican from dele- 
terious surroundings in the leaf tissue. 

(2) Promote rapid hydrolysis and o lessen the period of time during 
which the indican in solution is liable to conversion into products 
other than indoxyl. 


Extraction.—Until the hot water extraction previously suggested as 
the most satisfactory method has been shown to be practicable on a factory 
scale, it seems necessary to rely upon the production of acidity by bacterial 
action in the steeping vat or possibly in the Khazina ; mineral acids being 
+00 high in price at present for economio use. It has been found by the Indigo 
Reseatch Chemist that extraction and acidity bear a close proportional rela~ 
tionship, and endeavour will be made either to isolate bacteria capable of 
combining acid production with indican hydrolyzing powers, or to use 
different species for these two purposes either concurrently or in succession, 


Hydrolysis,—Numerous species of indican hydrolyzing bacteria were 
isolated by means of indican agar; these were tested for hydrolyzing 
power and arranged in a relative order taking into account not only this 
physiological function, but also the opposite destructive action which 
many of them possessed. ‘There can be no doubt that the very large difer- 
ences between yields of various factories are due mainly to differences in the 
composition of the bacterial flora in the steeping vats; how far this may be 
due to bacteria carried by the plant or to those existing in the Khazana water 
is not at present known, but examination of a large number of samples of the 
latter has demonstrated a very close connection between the actual yield of 
the factory and the number of hydrolyzing bacteria present in the water 
supply. Actual cases of increased yicld as a consequence of inoculation of 
the vats of one factory with the steeped liquor from another of higher yield 
substantiate this view. 








In order to make use of the inoculation method it will be necessary not 
only to obtain efficient species of bacteria but to ascertain the conditions 
‘under which it will be possible to introduce them into the steeping vat in sufli- 
cient numbers and in a sufficiently high state of activity to influence the style 
of fermentation therein. ‘This will probably be difficult in view firstly of the 
yery large volume of water involved (some seven or eight thousand gallons 
in each vat, and as many as six to twelve vats in use at one time) and 
secondly of the large number of other bacterin necessarily present already 
‘on the plant and in the water. As before pointed out it may be found neces- 
sary to remove the possibly deleterious influence of these latter, by use of 
hot water extraction, but the economies of this method would have to be 
worked out before recommending its adoption as a factory procedure, 
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It became clear very eatly in the enquiry that no advance could be made 
in the absence of an experimental factory. Designs were accordingly made 
and sanction obtained for the necessary expenditure ; it is unfortunate that 
owing to various and numerous sources of delay it has not been found possible 
to complete the erection and equipment of the factory in time for manufacture 
of Java plant at the time when it was ready for cutting ; it is hoped that 
even with over mature plant some results of value may be obtained. ‘The 
factory consists of one range of six vats with six corresponding separate Khaza- 
nas and blowing vats. Four vats are of 100 oub. ft. capacity and two of 50 
‘cub. ft. Blowing was preferred to beating on account of the mechanical 
Aifficulties of the latter in several small vats, and of the greater possibility of 
controlling the oxidation and ensuring comparable conditions in all the vats, 

Apart from the actual indigo produced the Indigo Research Chemist has 
kindly undertaken to arrange for complete analytical contzol of the whole 
series of operations in each experiment, which will naturally afford more in- 
sight into the causes underlying differences in the results obtained by variations 
in the method of manufacture than could be secured merely by weighment 
of the indigo produced. 

‘The lines of enquiry which will be adopted will aim at determining :— 

(1) The possibility of imoreasing the yield of indigo by introducing 
specific bacteria into the steeping vats. 

(2) The best way of doing this on a factory scale and under factory 
conditions. 

‘There are indications that the second part of this enquiry will form the 
major problem and may require a considerable amount of time and labour to 
bring to a successful issue. Tt is also evident that should hot water extraction 
prove economically feasible the difficulties connected with its solution would 
be greatly reduced in number. 

Pobrine.—Further work on this subject was cared out and a Bulletin 
describing a revised method of examination of moths was pubished. 





‘The rearing of worms (mulberry) was continued under controlled condi- 
tions with a view to determining the following points in connection with 
the incidence of pebrine. 

Some 90 lots were reared under controlled conditions besides many larger 
broods in a separate kufcha house. 

‘Hereditary infection, —Broods were reared throughout the year to cheok 
the value of the improved method of seed selection and to compare it with 
‘the one which has been unsuccessfully used in Bengal during the past ten 
years. The results of the experiments confirmed the previous conclusion that 
many cases of pebrine in the moth may escape detection by the ordinary 
method, which would not do so if examined by the revised one, 

Further confirmation was also obtained of the conclusion that a consider- 
-able percentage of pebrinized seed may produce worms which ean be success- 

zB 
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fully carried through to the cocoon stage if afforded sulicient space and suitable 
food, whereas comparatively unfavourable conditions of life suchas are fre~ 
quently found in rearing houses as a consequence of ignorance or carelessness, 
‘would have ensured their failure to spin. Such worms however cannot be 
‘used for seed production, the resistance to the disease ‘consequent upon the 
favourable conditions of life seldom being sufficient to do more than prevent 
‘the rapid multiplication and spread of the parasite in the body of its host 
which characterises the disease in less suitable surroundings. 

One of the inherent difficulties of this work is the unavoidable length of 
time required for the experiments ; this is due to the impossibility of ascer- 
taining either the success of an artificial infection, or even whether the vitality 
of the pebrine parasite has been afiected by treatment, until an obviously 
diseased condition has been produced in the worms as a result of the use of 
such infective ypaterial. ‘This may require several weeks’ incubation 
during ‘which the difficulty of ensuring the absence of other sources of infec~ 
tion and the possibility of adventitious disease in the controls add uncertain- 
ties to the results and make numerous duplicates necessary, 

Infection through contagion or ingestion of the parasite.—The 
necessity of work upon this second source of the disease will be realized when 
it is pointed out that perfectly healthy seed if reared in infected surroundings 
will give rise to worms which may die whilst still in the larval stage, before 
spinning ; it is the loss of time and the money thrown away upon feeding 
such worms for several weeks that has caused many thousands of silkworm 
rearers to forsake this avocation in favour of some less precarious mode of 
earning a livelihood. Numerous experiments under controlled conditions 
have confirmed my previously expressed conclusion that the principal if not 
tthe only means of infection other than by hereditary transmission is by inges- 
tion of the spore form of the parasite with the food. In this country at any 
rate, there seems to be no need at present to assume that any other method 
is of serious consequence ; the prime importance of avoiding this one alone, 
and the great inherent difficulties of doing so, will sufficiently engage the 
attention of rearers for some years to come. 

Experiment here has not ‘only shown the infective nature of the pebrine 
spore, in India as in Europe but has demonstrated its presence in great numbers 
in the dust of rearing houses and what is still more important in that of seed 
selection buildings. Most of these loose spores are thrown out of the gut of 
the infected but still feeding worm, along with the faeces, and being present in 
the latter in enormous numbers remain to some extent upon the leaves upon 
which the diseased and healthy worms alike are feeding. ‘This naturally 
results in their passing with the food into the gut of the hitherto uninfected 
‘worms to act as sources of disease. ‘Thus hereditary infection of a small per- 
centage of worms becomes a source of disease for a much greater number and 
for this reason alone would require suppression. 

Infection once introduced into a rearing house is carried on and spread 
through the ageney of dust, human, beings, and insects, earrying the spores of 
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the disease, not only from one part to another part of the same house, but 
almost certainly to other houses in the seme neighbourhood. Similarly 
the spores may be spread through widely separated areas to a lesser distance 
by wind, but to unlimited ones by infected material such as cocoons 
and seed eggs sent by post, the latter material, although hereditarily free from 
disease, possibly contaminated during examination. My own observations 
in seed selection nurseries, lead me to conchide that this is by no means an 
unlikely means of spread of infection, aggravated in most instances by the 
faulty technique of examination which results in the accumulation of infective 
material in the selection buildings. 

‘The persistence of infection in a rearing house will depend upon several 
factors about which at present very little is known, but as to which further 
information must be obtained if any success is to attend the efforts of rearers 
to avoid losses by diminishing the sources of infection. Nothing is known 
in India as to the action of the various antiseptics, such as copper sulphate, 
at present occasionally used for the disinfection of rearing houses. It has 
been assumed that they are efficacious, but so far as I have been able to 
ascertain this assumption is based, like the examination of moths, upon 
another one, that what is good in Europe is good. in India ; there is more 
reason indeed for assumption in the case of antiseptics than there was for the 
other one connected with seed selection, but it would seem highly desirable to 
test the efficacy of such antiseptics as are available and reasonably cheap, 
by actual experiment. Owing to exigencies of other work I have been obliged 
to confine experiment during the past season to another, and what appeared 
to me to be a more important point, namely the viability or persistence of 
infective power of the pebrine spore under varying natural conditions ; this 
point seems to require elucidation as a necessary preliminary to such enquiries 
as the one above referred to, and the success of antiseptic measures would 
largely depend upon their having been devised with due knowledge of the 
resistance of the resting stage or spore form of the parasite to natural anta- 
gonistic or destructive agencies such as desiccation or heat. 

‘Progress in experiment on this subject is necessarily slow for various reasons. 
Firstly must be taken into account the fact that no means is at present known of 
determining cither the vitality or the infective power of this protozoal para- 
site except by the success or otherwise of experimental infection of its natural 
host ; this at best requires several weeks to show any positive result, and in 
any case may fail to do so from causes other than loss of infective power or 
vitality by the parasite, such as unduly high resistance of individual 
hosts, making it necessary to use large numbers of the latter to eliminate this 
source of error as far as possible. Numerous other disturbing factors have to 
be allowed for such as the possibility of accidental infection from adventitious 
causes either in the worms under experimental infection or in the controls. 
Further work on the purely protozoological side of the question is required 
before absolute knowledge of this part of the problem can be obtained, and 
this in my opinion must be carried out, and carried out in India, before it 

Bo 
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will be possible to advance in actual practice much beyond the present empiri- 
cal stage of treatment, 

So far I have been able to ascertain with some certainty a few important 
points with regard to the persistence of vitality of the infective organism, 
‘amongst which may be mentioned the interesting fact that desiccation for as 
much as six months did not destroy the infective power of the pebrine spore 
whereas moderate moisture at the same temperature rendered it innocuous 
in one month. It will be obvious that more complete knowledge of this sort 
would besinvaluable in introducing any modifications in existing practice, 
‘especially those depending upon avoiding certain climatic conditions either by 
confining rearing to certain seasons or to-certain districts. It might be 
possible to make use of this line of enquiry to elucidate what appears to me to 
be a problem of great importance in dealing with preventive measures not: 
only for this but for many other parasitic infections, especially those of culti- 
vated crops. Many parasites, both animal and plant, go through a resting 
stage in their life oyole frequently in the spore form, as in the case of Nosema 
and of many bacteria and fungi ; this resting condition usually serves the 
purposé of carrying the organism through a period of existence during which 
its surroundings are unfavourable for continued vegetative activity, either by 
reason of failure of food supply or of seasonal or climatic changes. Emergence 
from the spore condition normally takes place when conditions once more 
become favourable for active growth, and the time of such emergence is gener- 
ally determined by the coincidence of some natural stimulis with such favour- 
able surroundings. In the case of the pebrine spore the ordinary stimulus 
seems to be the combination of moisture and suitable temperature found in 
the gut of the silkworm, whieh initiate the series of internal changes in the 
spore culminating, under the added influence of acid found in the gut, in the 
protrusion of the flagellum and the emergence of the amo» bula. It seems pro- 
bable that the deleterious effects of continued moisture upon the vitality of 
the spore may be due to prematurely induced resumption of vital activity 
in the latter, not indeed carried so far as germination, in the absence of other 
necessary stinnuli, but resulting, in the absenco of appropriate environment 
for its continuation, in either partial or total loss of vitality. Other similar 
cases of abortive germination are common in nature, and it would appear to be 
worth while to make a careful study of the possibility of artificially inducing 
it in such a way as to destroy various parasitic organisms, in cases where the 
use of antiseptics or heat is not practicable. It might for instance be found 
possible to induce premature activity in the pebrine spores infesting rearing 
houses, simply by moistening the walls and floor at. time of year when they 
would otherwise be completely dry, and although in the case of silkworm reat- 
ing the use of possibly more certain antiseptic methods is not generally pro- 
hibited by considerations of cost, in many other instances, such as occur in 
conneotion with agricultural operations, this principle might be worked out 
and applied where water, either natural or artifical, is available. Irrigation 
for instance might be utilized at the proper time to ensure premature germina- 
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tion of parasitic soil organisms, such as bacteria and fungi in the resting spore 
stage, or even to induce such unseasonable multiplication of the vegetative 
forms as to result in their exhaustion or auto-intoxication. This principle is 
actually made use of in the intermittent sterilization of bacterially infected 
substances and in the elimination of weeds from arable soil. Tt seems pro- 
able that similar premature or unduly rapid stimulation of embryonic 
activity may be responsible for the failure of crops in the seed bed or in the 
field, especially where germination has perhaps been inhibited by interference 
with the orderly sequence of enzymic activities characteristic of embryonic- 
metabolism, such interference being due to abnormal temperature ot 
moisture. 

In order to combine such knowledge with further information of a different 
kind such as the effect of climate or manurial treatment upon the nutritional 
value of the mulberry leaf and the resulting action upon the resistance of the 
silkworm to infection, much more investigation is necessary, but in view of the 
undoubted fact that the production of raw silk depends primarily in India 
just as it does in Europe, upon the possibility of avoiding diseases amongst 
the silloworms themselves, of which diseases by far the most destructive is 
Pebrine, it seems clear that such investigation is a necessary antecedent to 
any successful attempt to resuscitate the silk industry in India. 

It may be said therefore that although an important step in advance has 
been, made in the provision of an effective adaptation of Pasteur’s classical 
method of seed selection to Indian conditions, yet the elimination of 
any undue percentage of hereditary infection by this means must be supple- 
mented by the'adoption of methods of rearing calculated to avoid subsequent 
infection, and such can only be carried beyond their present imperfect stage 
of development by making use of fuller knowledge of this subject than we at 
present possess. I regard more complete knowledge of the life-history of 
Nosema bombycis and the reciprocal relationships between this parasite and 
its host as an essential preliminary to any successful solution of the funda- 
mental problem now confronting the promoters of the industry. 

Saltpetre.—The artificial nitre beds described in a previous report (Bul. 
letin No. 68 of the Agr. Res. Inst. Pusa) were kept under analytical observation. 
uring the year; they still continue to yield saltpetre and as this is remark- 
ably free from sodium chloride, this method of adding to the output of salt- 
pete would have the additional advantage of inviting less attention from the 
Salt Department than is usually thought necessary in the case of extracts from 
village earth. 

‘A-nuniah was brought in during the cold weather and worked his ordinary 
process successfully with surface scrapings from these beds. 











WORK IN THE PROVINCES. 
Punjab. 
‘The reclamation work on the Narwala farm in the Punjab carried out 
py the late Mr, Barnes, Agricultural Chemist to the Government of the Punjab, 
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‘was largely based upon a series of biological analyses of the alkali soils in the 
district. An account of the application of this method to this purpose is 
contained in a paper read by Mr. Barnes at the fourth Indian Science Congress 
in 1917 and published in the July number of the Agricultural Journal of 
India, 1917, in joint authorship with Mr, Barkat Ali who was trained in its 
‘use at Pusa with this particular object. Mr, Bornes shows in his paper the 
great superiority of the biological as compared with the purely chemical 
method of dealing with such subjects. 


Central Provinces. 


An account of some biological analyses of soils under special field treatment 
is given in the annual report of the Deputy Direotor of Agriculture, Northern 
Circle, Central Provinces, 

In this case, it was desired to obtain information as to the effect of different 
‘treatments of soils in the field upon the biological factors involved, and also 
of the character of the bacterial complex already existent in such soils, ‘This 
‘was found to possess high order of nitrogen-fixing power, but low nitrate- 
forming efficiency ; it is not clear, however, from Mr. Plymen’s report whether 
this latter characteristic is due to actual lack of nitrate formation or to a pre- 
ponderating concurrent reduction to nitrite, go common in some soils. ‘This 
work is to be continued on the same series of plots. 
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FORESTRY. 


I—SILVICULTURE. 
BY 


EDWARD MARSDEN, 


Silvicudturist 


Statistical work in typical Forest Crops.—Fifty new permanent 
sample plots and nineteen new temporary sample plots were Jaid out and 
measured during the year with the object of obtaining statistics relating 
to volume production, Most of the work was done in Bengal and Madras, 
‘Twenty different species were dealt with. Seventeen new permanent experi- 
mental plots were made, and twenty-nine existing permanent sample plots 
were remeasured. Observations when plots are remeasnred are of consider- 
Able value, possibly of greater value than observations made at the original 
establishment of a plot. This year, suggestive dala were obtained as to the 
effect upon increment of thinnings in dense Sal crops, and as to the relation 
‘between severity of thinning and degree of slope in dense coniferous crops at 
high elevations where injury from snow is to be feared. Tho invest'gation of 
‘tending is a branch of silviculture which is likely to have far-reaching economic 
results, and accurate observation at the time of remeasurement is at least of 
‘equal importance as accurate measurement. 








Some interesting figures were obtained from pure crops of fast-growing 
‘softwoods. Betula cylindrostachys at 30 years has a mean annual increment 
‘of 200 enb. ft. per acre ; Alnus nepalensis at 10 years, 100 cub. ft. ; Duabanga 
-sonneratioides at 6 years, 200 cub. ft., and at 10 years, 300 cub. ft. ; Cryplo- 
meria japonica at 22 years, 300 cub. ft., and at 50 years, 250 cub. ft. ; Tsuga 
Brunoniana ‘at 50 years, 150 cub. ft. ; Cupressus iorulosa in the Nilgiris at 
30 years, 200 cub. ft.,: Casuarina equise'iolia at 7 or 8 years, 200 cub. ft. 
with this species the distance apart between the plants at time of formation 
appears to exercise considerable influence on the volume production ; a rota~ 
tion of 8 to 13 years appears likely to give the best results. 





Tt seems that pure plantations of quick growing softwood trees would prove 
a profitable investment when made in suitable localities. Their utilization 
for packinig-cases, tea-boxes, pulp, ply-wood and possibly for matches wou'd 
probably support a considerable industry, given the conditions of accessibi 
continuity of supply, and good communications. Abies spp. has been used 
in America for pencils, but the high-lovel forests of Abies Webbiana in 
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Darjeeling Division show only the moderate increment of 60 or 70 cub it. 
per acre per annum. 

There are now 269 permanent sample plots, of which 150 are in the United 
Provinees, 54 in the Punjab, 33 in Bengal, 15 in the Central Provinces, 13 
in Madras, and 4 in the Forest Research Institute experimental garden at 
Dehra Dun, The extension of this work to Bombay, Assam, and Bihar 
is very desirable, In Bengal, nine permanent sample plots were established. 
in the Heritora Fores forests of the Sundarbans by Me. J. R. P. Gent upon 
the lines of the Forest Research Institute statistical branch, 


‘The Sal tree (Shorea robusta).—Light strips 60 ft. wide, running in 
different directions, have been laid out in the experimental Sal forest at Thano 
vith the object of inducing natural reproduction ; each strip is being sub- 
divided into eight sections to tost the effect of soil-working, burning the dead 
Teaves, and artificial sowing. 

Saimple plots have beon established to determine the effect of severely 
thinning young crops of Sal, and to ascertain the stimulus afforded to the 
volume increment of Sal coppice 





It is becoming increasingly evident that Sal seedlings take a very long 
time to establish themselves unless given free access to direct overhead light, 
that the presence of dead leaves in or on the soil is injurious to reproduction, 
‘and that irregular or uneven-aged systems are not suited to this species, 





Mr. R. 8, Hole's study of the factors favouring tho regeneration of Sal, 
published in the Indian Forest Record “ ecology of Sal” have doné much 
to help us to an understanding of the diffieulties, 


The Silvicultural Garden.—Methods of artificial reproduction continue 
to be studied. Good results have been obtained by cutting back suppressed 
‘Sal saplings about 1} inches thick to « length of 4 inches stem and 6 inches 
root and transplanting the “stumps” into the open. ‘The germination of 
Anogeissus ‘atifotia seeds continues to give trouble, 


A start has been made in the afforestation of a grassy blank at Lachiwala 
in Siwaliks Division, but this is a problem whose solution will take time. * 


Developments in Silvicultural Systems.—The introduction of a regular 
system is hardly-possible except’ where the existing forest consists chiefly of a 
single species. Differences in rato of growth, in demand upon light, and in 
requirements for reproduction render the natural regeneration of a mixed 
tropical forest within a limited period almost an impossibility. Something 
very like clear cutting, accompanied: by partial or complete restocking by 
artificial means appears to be the only device which can be relied upon to 
produce an even-aged forest. Opinion throughout India is tending gradually 
in this direction, and the combination of field-crops with sowing tree-seeds 
affords such excellent opportunities for soil-working, weeding, and tending 

+ the young trees that this method of forming plantations deserves the utmost 
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consideration wherever local conditions aro such that its introduetion is 
practically possible. In India the physical condition of forest soil is generally 
such that some means of artificial aeration is necessary. Observations in 
the Darjeeling forests above 6,000 fect showed that the soil is everywhere 
more or less sour except on the site of old charcoal kilns. ‘The three factors 
upon which any silvicultural system must be based are the character of the 
climate, of the soil, and of the tree; and every year shows an advance in 
our knowledge of the silviculture of Indian trees; but the requisite 
modifications of system to suit variations of soil and climate are as yet barely 
understood. 

Experimental work this year has been confined to bamboos and to Ano- 
geissus latifolia, whose twigs and young leaves have been found sufficiently 
valuable in tanning to warrant ‘special investigation for their economic 
exploitation. 





Of the working-plans published during the year Mr. Marriott's plan 
for the Sal forests of Gorakhpur is the most highly developed : the principal 
‘of concentrated regeneration in definite areas is adopted with the object 
of evolving an even-aged forest. Mr. Parker’s plan for the Changa Manga 
inrigated plantations of Mcru alta and Dalbergia Sissoo ‘ays stress on the 
importance of tending, and po'nts out the necessity of discovering another 
species to be grown as standards in view of the extent to which Dalbergia 
Sissoo is attacked by fungus Reproduction is effected by coppice and by 
seed naturally distributed over the area by the irrigation water. Mr. Miller's 
plan for the Kirwatti Teak pole area contemplates a combination of Coppice 
with Standards and two-storied high forest. In Burma the Wapyudaung 
and Bawgyo plans apply Improvement Feliings for Teak, as does Mr. Dunbar 
Brander’s plan for the Melghat in the Central Provinces. ‘The other published 
working plans follow the systems of Coppice with Standards, Selection, ot 
Improvement Fellings. 

Owing to the demand for leather by the troops attention has been devoted 
to the silviculture of trees yielding tan. Several species hitherto regarded 
as economically insignificant have been found to possess potentialities from 
this aspect. Carissa spinarum, Zizyphus Xylopyrus, Anogeissus latifolia, 
Bauhinia Vablii, Phyllanthus Emblioa, Terminalia Arjuna, and Lagerstroemia 
parviflora have been especially brought to the front. It remains to devise 
systems which will yield regularly the product required by tanners without 
injury to the trees. Experiments with Anogeissus latifolia and Cassa auri- 
culata are in progress. The knowledge available on the sub‘ect was summa- 
rized in a paper submitted to the Tannin Conference at Dehra Dun in August 
1917. 

The enhanced attention devoted to silviculture is shown by a compar'son 
of the papers published on the subject with the I'sts of previous years. Each 
year shows an inereas‘ng number of articles, rotes, and monographs. In 
1913-14 there were 16 ; in 1914-15, 24; in 1915-16, 51 in 1916-17, 65. 
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FORESTRY. 


IL—ECONOMIC FOREST PRODUCTS 
BY 


R. 8. PEARSON, LES, PLS, 
Forest Bconomist, 


Economic Uses of Deodar Timber.—The enquiry is complete with the 
exception that the possible outurn from various localities has yet, to be as- 
certained : this work is now in hand. 'The Memoir on the subject would have 
been published ere this, had not work in the Forest Economic Branch very 
materially increased owing to the war, which also accounted for a reduction 
in the staff, by the services of the Assistant: Forest Economist being placed 
at the disposal of the Military Authorities, 

Utilization of Grasses for Pulp.—The enquiry to ascertain the value 
of certain Assan grasses for the manufacture of pulp was continued during 
the year. Last year the writer proceeded to Assam and demarcated plots 
in Saocharwn spontaneum and Phragmites Karka grass areas, on the Monas 
River. ‘These were agnin visited during the year under report in company 
with Mr. Hole, the Forest Botanist, to ascertain (i) the yield per acte of a 
uniform one year old crop, as compared with the yiold of a virgin crop and 
(ii) to ascertain whether stems of uniform age would give better results than 
stems of all ages when made into paper. 

‘The yield of greon grass por acre of Saccharum spontaneum, when cut 
from a virgin crop, amounted to 21,221 Ibs., on cutting the same area 9 months 
later the yield of green grass amounted to 11,736 Ibs. per acre or roughly 
half the amount obtained from the first out. ‘The Phragmites Karka sample 
area was not again cut over, as it was nearly entirely under water, due to 
river flooding, while the new crop was very thin and patchy. 

‘The couse in the reduction in yield of Saccharum spontaneum is attri- 
buted by Mr. Hole the new shoots being grazed by buffaloes and to a limited 
growing period of 9 months, while in the writer's opinion it is due to the non: 
burning of the area. It is of course possible that it is due to a combination 
‘of both these factors. In order to determine the annual yield, further sample 
plots are to be laid out by the Local Forest Officers, which will bo kept 
under observation. 

‘The grass cut from the Saccharum spontaneum sample plot was sent to 
the Titaghur Paper Mills Co., Ltd., together with a consignment of Phragmites 
Karka grass, to be converted, after pulping, into paper. The amount of 
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grass available from the Saccharum spontaneum sample plot was insufficient 
to allow of its treatment in @ high pressure digester, and therefore had to 
be dealt with in the usual Sabai digesters. ‘Though these tests were not 
conclusive, it was ascertained that an even-aged crop of Saccharum sponta- 
neum stems yields a more easily bleachable pulp than that made: of uneven- 
‘aged stems, while the percentage of pulp obtained is lower, Phragmites 
Karka grass gave poor results, the pulp being practically unbleachable. 
Until these grasses have been treated on a large scale in high pressure 
digesters of special design, no correct estimate can be formed of their value 
for paper making. 

Mr. Rodger, Forest Research Officer, Burma, made a tour in the Delta, 
and submitted a report and map on the “ Kaing” grass areas between Ran- 
goon and Bassein in connection with the utilization of this grass for the 
manufacture of paper pulp. 

Antiseptic Treatment of Timber.—The detailed enquiry into the value 
‘of various antiseptics and the power of absorption of such antiseptics by 
various timbers was continued during the year, under the following heads :— 

(i) Laboratory Experiments —The experimental sample plot at the Forest 
Research Institute, in which small stakes of twelve different species of timber 
are treated with various antiseptics and are embedded side by side with 
untreated specimens for the purpose of comparison, has been maintained 
and extended by the addition of specimens treated with Concentrol. 

ii) Beperimentat treated sleepers—The main enquiry started in 1910, 
according to which a large number of sleepers of five species of timber were 
to be treated by four different processes, one process being taken in hand 
each year, was completed two years ago and the sleepers laid in the line, 
in different localities and kept under observation. ‘These sleepers have been 
inspected by the Railway Authorities, generally in company with the writer, 
while those laid in the line in Burma were inspected by Mr. A. Rodger Re- 
search Officer, Burma. Some of the sleepers have now been in the line 
for upwards of six years and as their state is either fair to good, there is every’ 
reason to expect that the final results will be satisfactory. Many of the 
sleepers laid down are of conifer woods, which in an untreated state only 
last a little over two years, so that the treatment to date has nearly trebled 
the life of the timber. All sleepers referred to under these experiments were 
‘treated in Open Tanks. 

A comprehensive note recording the results of these experiments has been 
prepared and submitted to the press for publication. 

(iii) Repenized sleepers—The sleepers of the eight species of timber 
referred to in last year’s report, which were sent to England to be treated 
by the Riipen process, were retuned to India and laid down in February 
1917 on the Eastern Bengal State Railway, to be kept under supervision. 
Some years must elapse before any opinion can be expressed as to the value 
of this method of treatment. 
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(iv) Experiments in connection with treating timber under pressure in 
India.—Considerable progress has been made in connection with treating 
timber under pressure in India. One of the State Railways has a scheme 
sunder consideration by which they propose to treat Silver fir and Spruce in 
pressure tanks, ‘The possibility of doing so has been considerably facilitated 
by firms coming forward with proposals to prepare Creosote in India, while 
one very influential and large Company is now erecting @ plant capable of 
dealing with upwards to 200 tons coaltar a month, from which they propose 
to prepare coaltar creosote. ‘The chief difficulty at present is that the best 
method of treating Silver fir and Spruce has as yet to be determined. In 
‘order to do so an up-to-date experiinental pressure plant is necessary, which 
has recently been ordered from England, and may be expected to reach 
India early next year. ‘The necessary sleepers with which to .carry out 
these experiments have been collected and are now seasoning, so that there 
is every hope that the results of tie proposed experiments may be available 
in the near future, 

Tanning Products.—The Tan Expert, Mr, Pilgrim arrived in India ab 
the end of May 1916, He proceeded to Maihar shortly after his arrival in 
India to carry out experiments in connection with the solidification of 
certain tan solutions. His plant not being erected he, in the meantime, 
visited the Belgaum Division of the Bombay Presidency to give advice on a 
schemo to start a Tan Factory in that locality, and later proceeded to Burma 
to make preliminary enquiries into the proposed investigation to, utilize 
Mangrove barks for the preparation of Tan Extracts. 

In February 1917, Mr. Pilgrim’s servioos were placed at the disposal of 
‘the Munitions Board, when he went to work at Maihar in collaboration with 
Mr. Fraymouth, manager of the “Esociet” Co, ‘These gentlemen were 
given the problem of finding a substitute for Cassia auriculata bark. In 
order to assist them in doing 80 a variety of barks and leaves were submitted 
by Forest Officers, of these may be mentioned the barks of Bavhinia Valhii, 
Terminalia Arjuna, Yerminalia tomentosa and Shorea robusta, leaves and 
darks of Anogeissus latifolia, Anogeissus pendula, Phyllanthus Bmblion and 
the fruit of Zizyphus aylopyra ; these having been collected and sent by the 
Eastern Circle, United Provinces and Divisional Forest Officers of the Bela 
ghat and Raipur Divisions of the Central Provinces. 

The results of their experiments have, as yet, not been published, though 
it is understood that by admixing certain of these tan products, results very 
similar to tanning with Cassia auriculata bark have been obtained. 


Destructive Distillation of Wood.—The question of manufacturing 
“ Stockholm tar,” from Pinus longifolia wood was raised by the Conservator 
of Forests, Kumaon Circle and by the Working Plans Officer, Kangra Divi- 
sions, with the object of utilizing their waste wood. Experiments were carried 
out in the Forest Research Institute Laboratories and the sample of tar so 
obtained sent for valuation to interested Companies whose reports were 
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favourable. Field experiments were then carried out by Mr. Canning, Di 
sional Forest Officer, West Almora Division, who also obtained very satis- 
factory results. In both sets of experiments the tar was prepared in iron 
retorts, Further field experiments are to be carried out in the Almora forests 
next working season, by the Chemical Adviser in co-operation with the 
Deputy Conservator of Forests, to ascertain whether the tar cannot be pro- 
uced in modified Charcoal Kilns. ‘There is a very considerable demand 
for “Stockholm tar,” especially in Calcutta, and as the process of manufacture 
is simple and inexpensive, there appears to be every likelihood of this in- 
dustry being developed in the near future. 


Physical and Mechanical Properties of certain Timbers.—(i) Natural 
seasoning —The detailed enquiry started at the end of 1914, with the object 
of determining the best methods of seasoning timber is now nearing com- 
pletion, and has already given valuable results, which it is hoped ‘will be 
ready for publication in the near future. In collaboration with these ex- 
periments many logs have been laid down for seasoning in Rangoon and 
Mandalay, by the Forest Research Officer, Burma. 





(ii) Determination of warp and contraction of Pinus longifolia timber, while 
sensoning.—In connection with the seasoning experiments recorded above 
a detailed set of experiments were carried out to determine the amount of 
warp and contraction which takes place, while seasoning ‘Chir’ timber. ‘To 
determine the former factor a number of planks prepared from loys seasoned 
in different ways were submitted to tests in a Dalbys’ Curve Tracer, which 
showed that planks cut from green logs and afterwards seasoned in the shade 
warped less than those cut from timber which had been seasoned in the log. 
To ascertain the amount of contraction which takes place while seasoning 
Pinus longifolia timber, an absolutely green plank was placed in @ con- 
traction recorder, which when seasoned to 13-02 per cont. of moisture, had 
contracted 0-27 of an inch per foot across the grain. ‘These experiments 
indicate that when cutting chir sleepers it is best to do so from green logs 
and that at least }” should be allowed for contraction on the 10” side of a 
B. G, sleeper. “A note incorporating details of these experiments has been 
sent to the press for publication. 

(iii) Seasoning Anogeissus latifolia timber.—A seasoning experiment is in 
progress in the Gonda Division of the United Provinces, which has been 
started at the instigation of Mr. Williamson, the Conservator of Forests, to 
ascertain the best methods of seasoning Anogeissus latifolia timber, with 
special reference to utilizing this timber for tool handles, welding-hammer, 
shafts! ete. ‘The experiment is in progress. 

(iv) Preparation of panels—An experiment is in progress at the Forest 
Research Institute to ascertain what species of timber are best suited for 
panelling, if correctly out on the quarter. A number of planks have already 
been laid down which have been carefully cut from such species of timber 
as is known to contain an ornamental silver grain, the logs having been 














4 BOARD OF SCIENTIFIC ADVICE FOR INDIA, 1916-17. 


supplied from the Chakrata and Siwaliks Divisions of the United Provinces 
‘and from the South Shan States of Burma, As soon as the planks are 
seasoned they will be worked up ; from the preliminary cut several of the 
planks laid down show great promi 

(v) Spike pulling tests—At the instigation of the Chief Engineer, Oudh 
and Robillchund Railway, an experiment was carried out to ascertain the 
dest method of driving dog spikes and to determine the relative grip of screw 
and dog spikes. ‘The experiments with dog spikes were carried out in the 
Forest Research Institute workshops. The results obtained showed that: 
by boring a § hole right through Cedrus deodara sleepers, the pull required 
to withdraw the spike was 4,315 Ibs., as against 2,770 Ibs. when the spike was 
driven into a §" hole. Spikes driven into §", 4" and #” holes bored only 1}” 
deep, gave approximately equal results, as it required between 3,700 and 
3,960 Ibs. to withdraw them. 

In the case of dog spikes driven into f", J" and §” holes bored right through 
Sal sleepers, the force required to draw the spikes was 5,352, 5,315 and 5,155 
Ths., respeotively. 

The experiments with sorew spikes were carried out at the Sibpur Civil 
Engineering College, and. showed that it required 7,168, 6,966, and 6,421 1bs. 
to withdraw spikes sorewed into f”, 4 and §” holes bored tight through Deodar 
sleepers ancl 10,125 Ibs. to withdraw a spike serewed into a §” hole bored right 
through a Sal sleeper. 


Finding new Markets and uses for Timber.—(i) Bulletins dealing with 
the uses, outturn and prices of Acacia arabiea and Pterooarpus santalinus 
were published during the year, while a similar publication dealing with 
Duabanga sonneratioides was sent to the press. 

Gums, Resins and Oleo-resins.—(i) Boswellia serrata gum oleo-resin. 
The enquiry into the value of Boswellia serrata gum oleo-resin was actively 
prosecuted during the year. Tapping experiments were instituted by the 
Bombay authorities, in the North Khandesh, North Nasik and Pench Mahals 
Divisions, which showed that the crude ‘drip’ can be collected in quantity, 
but that when carried out on an experimental scale the cost of collection is 
prohibitive. ‘The writer visited tho Sheoput forests in the Gwalior State, 
to inspect the methods of tapping this tree as carried oub by the Forest vil- 
lagers, who have carried out this work for many years, on a commercial scale, 
‘The method of tapping varies little from that adopted in the Bombay experi- 
ments, though the tools employed are entirely different. - The tapping of 
Boswellia in Gwalior conclusively prove that the ‘drip’ can be collected 
in large quantities and also at a cost of about Rs. 8-8 to Rs. 4 per maund, 
a price which is well within the commercial figure of working. 

At the same time as the question of collecting the erude gum oleo-resin 
was under consideration, the Chemical Adviser carried out extensive and 
continued experiments to ascertain the best methods of separating the gum 
from the rosin and turpentine. ‘This work having alzeady been carried out 
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on a laboratory scale with fair success, he carried out further tests in a still 
capable of taking a 3 to 4 maund charge. No suitable solvent. still being 
available, the Chemical Adviser had to improvise one out, of a steam still, 
in which it was only possible to make fairly good bulk samples for commercial 
valuation ; and this only after spending much otherwise unnecessary labour 
and money. 


The enquiry is nearly completed, and as it shows great promise the results 
will be published as soon as possible. 


(ii) Thitsi “damar.”—Mr. A. Rodger, Forest Research Officer, Burma, 
having completed his enquiry into the uses, outtum, and properties of 
“Thitsi,” Melanorrhoea usitata oleo-resin, submitted a note to the press on 
the subject. $ 

(ii) Camphor—The same officer submitted samples of leaves and shoots 
of Camphor, collected in the Southern Shan States, to the Chemical Adviser 
for experiment. 





Fibres.—The enquiry into the possibility of placing Helicteres Isora fibre 
on the market received continued attention, Last year some 63 maunds 
of retted fibre were sent by Rao Bahadur Shrinivasaiu Naidu to a Caleutta, 
Rope Manufacturing firm. ‘The report on the fibre was favourable, though 
the cost of hand retting in the forest, proved excessive. A sample of unretted 
fibre was, therefore, submitted which proved unserviceable. Owing to the 
cost of fibres suitable for rope-making having increased, a further consign- 
ment is to be submitted while the Imperial Institute of London being interested 
in this fibre, @ small sample has also been sent to the Director, 


Woods suitable for.—(i) Paving blocks.—The 20,000 Sal paving blocks 
given free to the Calcutta Corporation, and which were laid down for testing, 
have repeatedly given trouble, due to expansion. In consequence the Calcutta 
Corporation have given up the idea of using wooden paving blocks. On 
the other hand the Executive Engineer of the Bombay Municipality, who 
was given Teak and Xylia paving blocks is extremely pleased with the results 
of this experiment, and has received sanction to extend the wood paving in 
Frere Road. It should be stated that these blocks were very carefully laid 
down and protected on the surface by a layer of tarry substance, which in its 
turn was coated with sand, in order to keep excessive damp from getting 
into the blocks. 

i) Bobbins.—Samples of timber were submitted by the Forest Research 
Institute and the Conservator of Forests, Bastern Circle, United Provinces, 
to’the Government School of Carpentry, Bareilly, to be made up into cotton 
Dobbins. Several timbers appear to be eminently suitable for the purpose, 
amongst others may be mentioned Adina cordifolia, Lagerstréemia microcarpa, 
Stephegyne parvifolia, Populus euphratica. ‘The bobbins were destined to 
be sent to cotton spinners to be tested, but owing to the war difficulty was 
experienced in obtaining suitable metal pieces with which to reinforce them, 





1 BOARD OF SCIENT! 





IC ADVICE FOR INDIA, 1916-17. 


40 that the tests have had to be postponed. ‘There is little doubt that several 
Indian timbers will prove quite suitable for this purpose, provided they are 
properly seasoned before being worked up. 

(iii) Joinery—Vatious species of timber have been tested for cabinet 
making and carpentry at the Convalescent British Soldiers Voluntary Work- 
shops, Mhow, which is under the direction of Mrs, Lukin, which go to prove 
‘that Grewia tiliafolia, Pterocarpus Marsupium, Anogeissus latifolia, Wrightia 
tinctoria and Holarrhena antidysenterica are all suitable for the purpose. ‘The 
cabinet maker in the establishment pronounced the first named timber as 
equal to, if not better than, Spanish Mahogany and reported that Anogeissus 
latifolia has a finer grain and figure than any known wood on the English 
market. 

Charcoal briqiettes.—At the instigation of the Divisional Forest 
Officer, Working Plans, Punjab, and the Conservator of Forests, Bastern 
Cirele, United Provinces, an enquiry was started at the Forest Research 
Institute to ascertain whether Charcoal briquettes could be made from char- 
coal dust, which at present constitutes a waste product in most localities. 
‘At the same time Mr. Williamson instituted similar experiments in the Jhansi 
Division of his Circle. What appear to be quite satisfactory briquettes have 
een prepared in the Forest Research Institute workshops by using a 6 per 
cont, to 8 per cent. gum solution of Bauhinia retusa as binding material and 
by subjecting the moist charcoal dust to « pressure of 4 tons per square inch, 
the pressure being applied by a hand hydraulic press. ‘The binding material 
tried in Jhansi was loam, which resulted in the briquettes not burning pro- 
perly. 

Samples of briquettes made up with the above mentioned gum have bei 
submitted to the Railways for testing, while those tested in braziers ha 
proved excellent for the purpose. ‘The cost of preparing such briquettes 
is estimated to be from 4 to 6 annas per maund. 

Economic and Wood Museums.—Considerable additions have been 
made to both the Economie and Wood collections, while a catalogue for the 
former las been prepared and published. 
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ZOOLOGY. 


I—GENERAL ZOOLOGY AND PHYSICAL ANTHROPOLOGY 
BY 


N, ANNANDALE, B.A. D.Sc, F.LS, FASB, 
Director, Zoological Survey of India. 


‘The Zoological Survey of India was inaugurated on July Ist, 1916. Its 
formal constitution and theimmediate reasons forts récognition as an Imperial 
department are set forth in the Government resolution No. 19-Museums, 
dated Simla, the 20th June 1916. 


TOURING. 


The following statement shows the tours undertaken by officers of the 
department in the first eight months of its official existence :— 
Dare. 
‘To Baskuda, Chilka Lake, from 14th to 23rd uly, 1016 10 
‘To Postuges India and North Canara from 2ith August to ioth Ootober, 
‘To Bangalore and Madras from Ist to 12th October, 1016 
‘To Allabibad Agr, Dal nd Lahore fm 17 90h Novembes, 1610 i 
‘To Mutlah Rivor from 6th to 17th December, 1916. 
‘To Mysore from 7th to 20th January, 1917 ivf 
‘To Shuthem Shan States (Burma) from 80h Febru to isth iter, 


153 
RESEARCH. 


Work of a general nature on the zoology of eastern lakes has made con~ 
siderable progress in the department and investigations continue on the taxo- 
nomy of the Indian reptiles, fish, Diptera, beetles, water-bugs and spiders. 
Progress has also been made in anthtopometrical research. 


COLLECTIONS. 


A large number of specimens were added to the zoological and anthropole- 
gical collections. 

‘The skeletons of mammals have been rearranged by members of the staff. 
‘The collection of musical instruments displayed in the public gallery has been 
rearranged by Dr. A. Meerwarth of the Petrogard Ethnographical Museum. 


OFFICE OF THE DEPARTMENT. 
The office of the department has been entirely reorganized. 
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ZOOLOGY. 
IL—ECONOMIC ZOOLOGY. 


Part I—Agricultural Entomology 
BY 


‘T. BAINBRIGGE FLETOHER, R.N., F.L8, FES, B28, 


Tnperial Bulomolegist. 


1.—Work at Pusa. 


Insect Pests.—Numerous observations on Insect Pests have been made 
uring the year but these cannot be given in detail here without unduly swelling 
this Report. Particular attention has been paid to the pests of sugarcane 
and of stored grain and the more important observations are noted below :— 

Cotton.—The experiments, referred to in last year's Report, were con- 
tinued and tabulation of results has beon taken in hand. Broeding of 
sites of Cotton Bollworm (Warias spp.) was continued and living parasites 
were despatched to the Punjab in July and August 1916. Specimens of these 
parasites were sent to Mr. Brues, who informs us that they belong to the genus 
Microbracon, and not Rhogas as previously supposed. 

Rice.—The lifchistory of Neplotetic bipunctatus was worked out. A 
Tubificid worm was sent in from Hmawbi, Burma, as damaging tice, but 
does not seem to be of regular occurrence as a pest, 

Sugarcane,—Considerable attention has beon paid during the year to the 
important subject of borers. Hitherto several different. species of borers, 
all superficially very much alike, have been mixed together under the name of 
Moth Borer (Chilo simplex), which was supposed to attack sugarcane, jvar, 
maize and rice. An attempt was made to find out whether there were really 
‘one or several species concerned. As a result the following species have been 
discriminated, viz, 

(1) Chilo simpler, found in maize, juar and rice. 

(2) Diatran suppressalis (auriitia), found in sugarcane principally, 
A few only have been found in juar and none in maize. 

(8) Diatreca venosata (striatalis) found in sugarcane and a thick variety 
of juar, and none in maize. 
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(4) Diatrea sp. There is one unidentified species found in sugarcane 
only. Tt was reported some years ago from Pabna and has 
recently been found at Dacca, 

‘All the above forms had hitherto been spoken of as Chilo simpler. 

(5) Papua depressella, which, as reported last year, had hitherto been 
known as a rootborer. But as will appear from the figures 
given below, it proves to be the most injurious of all the borers 
in the young stage of the sugarcane, its activities becoming les 
as the cane grows. 

(6) Seirpophaga anthogastrella (auriflua) which is one of the first 
borers to attack the young cane. It is active in cane throughout 
the year. . 

(7) Sesamia inferens, which is known to occur in maize, juar, sugarcane 
and rice and several other plants of the order Gramines. 

This year a careful watch has been kept on the time of occurrence of all the 
above the borers and an attempt has been made to find out the extent of damage 
which they cause. 

On the Pusa Farm about 4} acres are under thick varieties of sugarcane, 
vvic., Purple Mauritius (half-an-acre), Sathi No. 131 and Sathi No. 15 (a little 
Jess than one acre). There are also very small plots of other thick varieties, 
¢g. Kaludie Budhan, Dacea Cane, D. 99 and Ashy Mauritius. A little more 
than one acre is under 21 different; varieties which are classed as thin canes but 
some of them, ey., Meneria, might be described as of medium thickness. Of 
the half acre under Purple Mauritius } acre was planted in November 1916 ; 
the other half of the Purple Mauritius and all the rest were planted in February 
1917. The plot of Purple Mauritius has been specially grown for entomological 
observation and experiment and this cane has always been critically examined 
while the others have been superficially examined for comparison of results. 
All the time the sugarcane has been in the field there have been maize and 
juar growing somewhere in the Farm. ‘The progress of the insects in sugar- 
cane, maize and juar has been carefully watched and is briefly deseribed below. 
Red Rot in sugarcane has necessarily come under observation and there has 
been a good opportunity of comparing the damage caused by it with that 
caused by insects. 

In the middle of April the plants of the plot of Purple Mauritius planted 
in November were slightly ahead in growth of those of the plot planted in 
February, but the difference in growth did not indicate a difference of about 
four months in planting. The damage noticed about this time was almost 
wholly due to insects and the damage in the former plot was 6-3 per cent. 
while in the latter plot it was 23 per cent. Taking both the plots together, 
of the total damage 

Scirpophaga canthoyastrella was responsible for 1-7 per cont. 

Diatrcea suppressalis for 2-3 per cent. 








Fo 
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Gryllotalpa africana for “1 per cent. 
Red Rot for -22 per cent. 
All the affeoted plants weie cut out and destroyed with the insects. All this 
time Chilo simplex and Sesamia inferens were abundant in Rabi maize and 
in a very small extent in Rabi juar. 

In the second week of May the plot of Purple Mauritius planted in Novem 
‘ber was damaged to the extent of 8:9 per cent. 

+ Papua depressella being responsible for about 1-1 per cent, 

Red Rot being responsible for about 5:8 per cent. 

‘Termites being responsible for about -8 per cent. 

Diatraa suppressalis being responsible for about -66 per cent, 

Scirpophaga nanthogastrelia being responsible for about -52 per cent. 
‘Thero was one shoot damaged by Gryllotalpa afrioana and two shoots damaged 
apparently by Red Ants. All this time there was no difference noticeable 
in the growth of the plants. 

In the third week of May the plot of Purple Mauritius planted in February. 
‘was damaged to the extent of about 115 per cent, the following being respon~ 
sible for the damage 

Papua depressella about 8:1 per cent. 

Red Rot about 2:27 per cent. 

Diatreea suppressalis about “7 per cent, 
Termites about -41 per cent. 

Scirpophaga xanthogastrella about -06 per cent. 

‘There was one shoot damaged apparently by Red Ants, 

All the affected plants were cut out and destroyed with the insects in 
both the plots. 

About this time (je., second and third wooks of May) all the other plots of 
sugarcane were also examined to note the extent of damage, though the 
affected. plants were neither cut out nor critically examined to find out the 
agent of damage as was done with the Purple Mauritius plants. The 
damage was however similar in all external appearances and the agents. 
would probably be the same as observed in the case of the Purple Mautitius. 

‘The damage in Sathi No, 131 was 7-5 per cent. 

‘Tho damage in Sathi No, 16 was 9:6 per cent. 

‘The damage in Meneria was 10°6 per cent. 

‘The damage in all the other 26 varieties, mostly thin, taken together was 
9 por ecut. 

It would appear that the damage in these plots was about the same as in 
the Purple Mauritius plots from which all affected plants had been cut out 
and destroyed with the insects in April, 
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‘Throughout May Chilo simples and Sesamia inferens were feeding in Rabi 
‘maize and to a very small extent in Rabi juar. 
In the latter part of June the damage in the Purple Mauritius plot was 
-about 25 per cent., the following being responsible for it :-— 
Red Rot about 15-4 per cent. 
Papua depressella about 6 per cent. 
Dictreca suppressalis about 2-2 per cont. 
Scirpophaga auriflua about 1-1 per cent. 
‘Termites about -2 per cent. 
Sesamia inferens about -06 per cent. 
A few Diatrea venosata were found at this time. 
Al affected plants were cut out and destroyed with the insects. 


About this time the damage in Sathi No. 131 was about 10 per cent. As 
fax as could be judged by external examination, about 3:5 per cent. was due te 
Red Rot and about 6-5 per cent. to insects. 

Sathi No. 15 suffered to the extent of about 8 per cont., damage due to 
Red Rot being about 2-5 per cent., and that due to insects being about 5-5 
per cent. 

Damage in Meneria was about 14:3 per cent., Red Rot being responsible 
for about 11 per cent. and the insects for about 3-3 per cent, 

‘The damage in the other (mostly thin) varieties taken together was about 
7 per cent., Red Rot being responsible for about 8 per cent. and the insects 
for about 4 per cent. 


About this time Chilo simplex was practically absent from maize and 
juar. 


The points to note are the following -— 


1. The high percentage of damage by Red Rot. 
2. In the Purple Mauritius plot all affected plants had been cut out 
‘once in April and again in May. Still the amount of damage 
ue to insects in June was greater than in any of the other plots. 
It is probable that Purple Mauritius is more liable to damage by 
insects than the other varieties. In order to test the effect 
of this treatment of cutting out affected shoots further ex- 
periments will be undertaken next year with a single variety. 
‘This year’s experience however leads us to believe that the 
only insect which will be amenable to this treatment is Scirpo- 
phaga. 
Now that the other borers can be distinguished and therefore their habits 
Aefinitely studied, other methods of control will have to be found on by 
farther study and experiment. 
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Other insects observed for the first time to feed under ground among 

sugarcane roots include -— 
Alissonotum piceum grubs, 
Alissonotum simile grubs. 
Myllocerus blandus grubs. 

A Melolonthid grub (probably Anomala sp.) has been observed definitely 
to gnaw into sugarcane stems from the side, causing a dead heart in the case 
of young shoots or killing the shoots and young plants. ‘The grubs are still 
feeding and have not yet been reared, 

Myllocerus discolor grubs have been found commonly among sugarcane 
roots, 

‘Tho search for Coleopterous larve among sugarcane roots has been conti- 
nued and several Chrysomelid and weevil grubs have been found which are 
still feeding at the time of writing this report, 

As reported last year, termites have been observed to cause more damage 
to new shoots than to setts. Further observation confirms the view that it is 
only in particular soils that termites cause damage to sugarcane setts and 
shoots. 

An experiment was undertaken in an area which is known to be very much 
infested by termites to find out the strength of Lead Arsenate solution which 
would be suitable for dipping the setts in order to protect them from 
termites. Lead Arsenate manufactured by the Thomsen Chemical Company 
was used. A strength of 1 1b, in 2 gallons of water has been found satisfac- 
tory. Even a strength of 11b. in 1 gallon of water can be used without any 
harmful effects on germination, Weaker strengths up to 1 Ib. in 4 gallons 
water are also effective, 

Maize.—Tho larvee of Heliothis obsoleta caused a curious form of damage 
by boring into the tender top portion of the stem, 

Fruit Flies.—Large numbers of fruit flies have been reared in the quest 
for parasites, but with little success. At Pusa Chatodacus cucwrbita, for 
example, appears to be almost free of parasites, although in Southern India 
it is attacked by Opius fletcheri, which has been introduced from India into 
‘Hawaii with considerable success. Carpomyia veswviana, howéver, is para- 
sitized extensively and further consignments of living pupm were sent to 
Italy in the endeavour to introduce these parasites there. An important 
paper by Professor Bezzi, onthe fruit flies ofthe genus Dacus ocourring in Tndia, 
Burma and Ceylon, has appeared during the year, the information contained 
in it being largely based on material sent from Pusa. Professor Silvestri has 
also described several Braconid parasites of Indian fruit flies and has pub- 
lished a note on the occurrence of Dacus olew in India and also a description 
of its parasite in North-West India. . 

Life-histories of Insects.—In the Inseotary more than 200 different 
lots of insects were reared and observations made on their life-history and 
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habits as far as possible. Of these, many were new to Science and practically 
none had been reared before. Several of them may be ranked among pests 
and may be serious occasionally: for instance, (1) a Cerambycid borer of 
Sannhemp. ‘The beetle girdles the stem and deposits the egg inside the 
stem. The apical portion of the stem beyond the girdle dries. ‘The grub 
bores inside the plant which dies. (2) A Cerambycid borer of Phaseolus 
aconitifolius. This also similarly causes the plant to die. (3) A Dermestid 
beetle which infested and destroyed some stored snake skins. (4) Anobium 
sp. in stored Cumin seeds and Aniseeds. It proves to be a serious pest of 
these seeds in store. 

Investigations into the life-history and habits of the pests and other 
insects were continued. ‘The important points observed with regard to some 
of them are noted below :-— 

Pea stem fly—Three different varieties of peas were grown in the 
Insectary compound, some mixed with barley and others alone, for carrying 
‘on observation with regard to Bruchus afinis. Incidentally it was observed 
that those which grew alone and thinly were damaged by the stem fly while 
the others escaped. 

Eugnamptus marginatus was kept under observation throughout the 
year in the Insectary as well as outside on an affected mango tree. ‘The 
grubs have been observed to rest in the soil from about September to March- 
April. The beetles are active mostly in July and August although some may 
be observed before and after this period of greatest activity. Although the 
‘grubs were resting in the Insectary, one beetle was found laying eggs and 
cutting leaves in March, but under the climatic conditions in Bihar the grubs 
had no opportunity of developing as the cut leaves dried quickly ; some of 
these exgs were collected and reared in the Insectary, but only two attained 
‘the adult stage, one in April and one in May, and the others were resting at 
the time of writing the report. 

Heliocopris bucephalus—A complete cycle was obtained in the Insee- 
tary. The beetles appear in the months of June to September but mostly in 
July. The grubs take about a year to grow. 

‘Aitagenus piceus has been observed to take one to three years to complete 
its life-eycle. 

Hieroglyphus banian—In the Insectary there is a cage into which a 
pair was introduced in 1905. Since then they hatch out regularly every year 
in that cage and are fed and allowed to oviposit. The broods have been 
observed to extend gradually. Last year (1916) they hatched in June and 
the last of the adults died on 15th February 1917. Of course different batches 
of eggs hatched at different intervals up to August. 

Some individuals of Polytela orientalis have been observed to rest for the 
whole year in the pupal stage, whilst others emerged in the first year. 

Melittia eurytion, which bores and causes a swelling in the stem of Tricho- 
santhes dioica and other cucurbitaceous plants in the Rains, has been observed 
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to rest for the remainder of the year in the larval stage inside a very stiff 
cocoon. 

Closmopteryx manipularis, a miner in bean leaves, has been observed to 
rest in the larval stage for about November to July. 

‘The Cerambycid borer ocourring in Phaseolus aconitifolius stem in the 
Rains, has been observed to rest for the remainder of the year in the larval 
stage. 

Oides ipunctatus has been observed to have only one generation in the 
‘active season in the Rains, the rest of the year, as reported before, being passed 
in the egg stage. 

‘The Hurytomine Chaloidid grub in apricot seeds probably rests for two 
‘years inside the seeds in some cases, although most come out as adults after 
‘one year. In the Inseotary some grubs were observed to rest for about a 
year and a half and then died. 

Agrypnus fuscipes—One grub about one-third grown was collected in 
November 1914. It lived and grew in the Inseotary since then, being fed 
wholly on Scarabeeid and other similar grubs, It pupated and emerged in 
‘June 1917 after living for about 2} years in the Inseotary. The life-cycle 
‘therefore seems to take about three to four years. 

Odontotermes assmuthi—Colonies were established in artificial cages 
in July but all died by about Ootober. In the cages buried in the Inseotary 
‘compound no colony lived for the whole year. 

Lampyris marginella has been found, by observation outside, to have 
probably one generation in the year. 

Aneylolomia chrysographella hibemates in the larval stage from about 
November to about March-April. ‘Then it has several broods, each oyole 
‘taking about a month. It has been observed to breed mostly among wild 
grasses. 

Aspongopus brunneus has been observed to cause serious damage to 
pumpkin plants. A cycle was observed of this insect, 

Massopha absolutalis and another Pyralid rolling bamboo leaves have 
‘been observed to rest in the larval stage in winter and summer. 

Pyrausta macharalis has been observed to hibernate in the larval stage, 

Complete cycles were observed of Pericallia ricini, Amsaota moorei (form 
sara), Hister sp., a Halticid beetle on Anisomoles ovata, 

Pempheres afinis, the cotton stem weevil, has been observed to breed 
in a new foodplant, Triumfetta sp. (N. 0. Tiliacem). 

Polyommatus batious has been observed to breed in the flowers of Butea 
frondosa (Palas) in such large numbers as to be reckoned as a pest of these 
flowers. 

Grain Storage Experiments. —The storage experiments were continued 
and the results s0 far obtained are briefly noted under different heads. 
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(i) Wheat—Many of the results which promised success on the first year’s 
trial on a small scale were upset when tried on a medium storage scale 
this year. But some important differences were observed in the habits of the 
‘two principal pests we have to deal with at Pusa, ie., Calandra oryea and 
Ehizopertha dominiea. Rhizopertha cannot breed when there is free access 
of air, but under the reverse conditions (e.g., in earthen vessels with their 
mouths plastered up with mud) it is capable of doing much more damage and 
‘thatinamuch shorter time than Oalandraoryze. Airand lightretard Calandra 
oryee and if one can take the trouble-of exposing the grain to air and light 
at frequent intervals very little damage is done. But this is not practicable 
‘when large quantities have to be stored. 





In the light of this experience wheat has been stored this year under a 
method of outdoor storage in granaries made entirely of straw. In this 
condition the grain will remain exposed to the natural changes of climate and 
is not expected to be susceptible to attack by Rhizopertha. It remains to be 
seen whether Calandra oryze also is retarded. If successful this method will 
be applicable to storage in bull: as well as in small quantities. At the same 
time arrangements have been made to give a satisfactory trial to the method 
of storage under sand. 

(ii) Rice —The lime treatment of husked rice has been continued and it 
is giving the satisfactory result reported last year. 

(ii) Pulses.—Pulse seeds have to be protected in store against Bruchus 
chinensis which has been observed to breed in the larger varieties of Peas 
(Pisum sativum), arhar (Cajanus indicus), lentil, Khesari (Lathyrus sativus), 
nung (Phaseolus radiatus and P. mungo), bora (Vigna eatjang), bakla (Vicia 
faba) and gram and cause serious damage to them. Keeping the seeds 
‘covered with sand, coarse or fine, has given the best result, the seeds 
semaining in good condition and perfectly safe. 


A species of Bruchus has been found to damage bean seeds in store in 
the same way as the above. The same method of storing under sand is 
applicable. 

‘The small pea (Pisum arvense), as reported previously, is not liable to be 
damaged by Bruchus chinensis in store. But it is infested by Bruchus affinis 
in the field. ‘This was dealt with in the last year’s report. A system of sun- 
ning the harvested seeds has been tried this year and the result remains to 
de seen. 

(iv) Besides the inseots mentioned above, of the others which are found 
in stored wheat and rice (1) Tribolium castaneum and (2) Tenebroides mauri- 
tanicus are very common, but they are always found in company with Calandra 
‘oryzw and Rhizopertha dominica. 

Tribolium has been observed to occur with Rhiopertha more than with 
Calandra and some experiments have been undertaken to find out its status 
Aefinitely. 
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This year there was an opportunity of following Tenebroides mauritanious 
throughout the year and of finding out its true status. It is found commonly 
with Calandra oryzae. It takes about a year to complete the life eycle, the 
adult beetles appearing and laying eggs in July-August and the rest of the year 
being passed in the larval stage. The adult beetles live for several months 
and prey upon Calandra orye@ weevils. ‘The grubs do not attack the 
weevils but bore wheat and rice grains, In the report for the year 1914-15, 
it was stated that Tenebroides mauritanieus on the whole played a beneficial. 
part and its presence in affected wheat and rice would be beneficial. 
Further study has shown that the good the adult beetles do by preying 
upon the weevils is practically of no help, ‘The real damage to wheat 
done by the weevils from July onwards and Tenebroides mauritanious is 
present at this time only in the larval stage and does not attain the adult 
stage till the next year. Also the beetles do not appear in sufficiently large 
numbers to be of use in checking the weevils. 

Insecticides.—Two insecticides were received for trial (1) Orr's Wood 
Preservative against termites and (2) Incosopol, a preparation from Cotton 
seed oil, manufactured by the Indian Cotton Oil Company of Navsari, Bombay 
Presidency, for trial against plant lice and such other insects. ‘The trials 
have been undertaken, 

Bagrada picta appeared in an experimental plot of mustard and spraying 
with Fishoil Resin Soap at a strength of 1 1b. in 4 gallons of water checked it 
entirely, killing even the adults. 

Lantana Work,—This work was taken up on instructions from Govern- 
‘ment and has for its object the collection of information regarding the occur- 
rence within the Indian Empire of any insects which may be utilized as efficient, 
checks on the growth of Lantana. With this object Mr. Y. Ramachandra 
Rao, Entomological Assistant in Madras, has been placed on special deputation 
under the Imperial Entomologist, for a period of two years in the first instance, 
from 16th November 1916. He has commenced his work in Southern India 
and has made a study of the insects affecting Laniana in Madras, Mysore and 
Coorg. A large number of insects has been found to ocour on Lantana but 
most of these appear to be either casuals, not confined to Lantana but usually 
very polyphagous in their habits, or of no importance as checks on Lantana, 
‘The insects found hitherto and which appear likely to be of use are (1) Platyprilia 
pusillidactyla, Wik., (2) a Eucosmid moth, apparently a novelty, and (3) a 
Cecidomyiad fly ; of these, Platyptitia pusillidactyla, which was one of the 
insects imported from Mexico into Hawaii to check Lantana, i already widely 
distributed in India and Burma, and of the other two inseots further investiga- 
tion is required regarding their actual value and distribution. 

Bees.—The experiments with the Indian Bee (Apis indica) were continued. 
‘There is, however, nothing of particular interest to record. 

Lao.—Hmergence of Lac larve took place at Pusa on 20th September 
1916 and 28rd June 1917. Numerous inquiries for brood-lac, ete., were dealt 
with during the year. No student attended the short courses in lac-culture. 
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Sill.—Mulberry silkworm eggs were sent to the Travancore, Mysore, 
Banganapalle, Bhopal, Rewah, Indore, Gwalior, Poonch (Kashmir) and 
Todhpur States ; to the Deputy Director of Agriculture and Land Records, 
Coorg; to the different sille centres of the Salvation Army and to the Tifis 
Sericultural Station (Caucasus). [ri eggs were supplied to one hundred 
applicants and Mulberry eggs to ninety-one applicants. Eri and Mulberry 
seed cocoons were sent to the Director, Entomological Section, Cairo 
(Egypt). Mulberry cuttings and seeds were supplied to the Director of 
‘Agriculture, Burma, and to the Agricultural Officer, North-West Frontier 
Province, respectively. Castor and Mulberry seeds, Mulberry cuttings and 
samples of different kinds of sill were distributed to many inquirers. Tnstruc- 
tions for rearing, reeling, dyeing, bleaching and spinning were given by corre~ 
spondence. Univoltine mulberry silkworm eggs were sent to Shillong, 
Muktesar and Guindy (Madras) for cold storage and gave satisfactory 
results on rearing in November and March. 

We at last seem to have succeeded in establishing a multivoltine 
hybrid race, the yield of silk of which is about 75 per cent. more than the 
multivoltine races generally reared in Bengal. All the eggs of the last three 
‘generations of this race have hatched like the eggs of multivoltine races and 
it is hoped that they will continue to do so in future. The time has perhaps 
‘come to introduce the race in the various rearing centres. 

‘An improved Silk Twisting Machine has been made recently, on which 
about half-a-pound of Mulberry, Muga or Tasar reeled silk can be twisted by 
a boy or girl in eight hours. Some very fine silk guts were especially made 
for the Galvanometer magnet at the request of the Officer-in-charge, No. 18 
Party (Magnetic), Survey of India, 

‘Various experiments to improve the Mulberry silkworm races were carried 
on, and the second Report on these experiments is now in the press. 





Ilustrations,—Coloured plates illustrating the life-histories of the follow- 
ing insects were prepared during the year, viz.:—Xylotrechus quadripes, Las- 
peyresia pseudonectis, Ancylolomia chrysographella, Seirpophaga zanthoyas- 
wrella (auriflua), Argina cribraria and Amsacla moorei sara. Line-drawings 
of about sixty insects, showing life-histories in more or less detail, and about 
one hundred drawings of other insects, were also prepared. 


‘The issue of coloured plates and lantern slides has been continued, thirty 
new plates (including eleven of mosquitos) being printed and issued ducing 
the ye 

Insect Survey.—Steady progress has beon made in additions to, and 
arrangement of, the collection, The whole of the collection of Lepidoptera 
(including Micro-lepidoptera) has been overhauled, rearranged’ and placed 
in one series, so that all the information on any species or group isnow available 
in one place. ‘The work of rearranging the Coleoptera has been practically’ 
finished, and the same has been done in the case of the Orthoptera and part 
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‘of the Rhynchota, ‘The identification of the collection of Diptera was under- 
taken by Mr. Brunetti during the year and is now in progress. 
The collections continue in good order, but the difficulty of maintaining 
‘them, in boxes in open racks in a climate such as that of Pusa, is very great. 
The following collections have been sent out to Specialists in the groups 
named and our thanks are due to them for the help afforded :— 
(i) Carabide to Mr. H. L. Andrewes. Partly named and retumed. 


(ii) Curculionids to Dr. G. A. K. Marshall, Partly named’ and re- 
turned. 
Anthribidw to Dr, K. Jordan, Not yet returned. 


(iv) Rutelide to Mr. G. J. Arrow. Named and retumed, 

(v) Melolonthide to Mr. G. J. Arrow. Partly named and returned. 

(vi) Corambycide to Mr. C. J. Gahan. Not yet returned. 

(vii) Histeride to Mr. G. Lewis. Not yet retuned. 

(Vili) Sphegidw to Mr, Rowland E. Turner, Returned named. 

{ix) Formicidw to Dr. 0. M. Wheeler, Retumed named. 

(x) The Apidw named by the late Mr. 0. Meade-Waldo have been 
returned. 

(xi) Braconid parasites of Harias to Professor 0. ‘T, Brues. Not yet 
returned, 

(aii) Tenthredinidw to Mr. Rohwer. Retumed name: 

(xiii) Daous olew and its parasite to Professor Silvestri, Named and 
desoriptions published. 

(xiv) Tubificid worms infesting paddy to Lieut.-Col. J. Stephenson: 
‘Examined and information communicated. 

(xv) An Ichnoumonid reared from coll of Pseudagenia Blanda to Mr. 

©. Morley. Named and will be returned. 














(xvi) Hispinw and Cassidine to Mr. 8, Maulik. Not yet named and 
returned. 

(xvii) Micro-lepidoptera to Mr. E. Meyrick, F.R.S. Named and 
retumed. 





Various collections of Indian insects have been received and named and 
returned as far as possible. These included collections sent by the Provincial 
Agricultural Departments and by numerous correspondents. 


IL—Work in the Provinces. 


‘Madras.—The following are the insects which received important attention 
during the year :—(1) Cirphis albistigma on paddy in the South Arcot and 
Chingloput Districts. ‘The moth trap kept at Manganallur, where the pest 
‘was expected, trapped numerous moths but the real outbreak was in the 
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above districts and it was not possible to do much to control the pest in this 
tract. ‘The pest is being very carefully investigated. (2) Idiocerus sp. on 
‘mango. Spraying was done with success in the Criminal Settlement at 
Madanapalle and some orchardists sprayed their trees themselves in Salem, 
Inquiries are pouring in from different parts and campaigns are being arranged 
for the coming season, (3) Spodoptera mauritia on paddy. The moth trap: 
tried for this proved unsuccessful. Nor did light traps show any good results, 
The pest was checked in two or three places by flooding, oiling the water in 
the fields ond shaking the plants, bagging, and handpicking ; people take to 
these methods with enthusiasm. (4) Hairy caterpillar (Amsacla albistriga) 
‘on groundnut received some attention. (5) Crabs in paddy nurseries and 
transplanted fields. Control experiments are going on. Crab pots and 
poisoned baits promise to show some good results. (8) Pempheres affinis 
(Cotton stem weevil). ‘The study of its life-history is being continued persis 
tently in spite of failures to get the eggs to hatch and the grubs to grow. 


Bombay.—The juar crop was a failure in the Poona district, being damaged 
by a Cocidomyiad fly which attacks the ovaries while the head is forming, 
completely destroying them, A very large number of the Cecidomyinds are 
however parasitized by a Chaloidid. This pest has not been noted from 
anywhere else in India so far. ‘There were two other moths bred out of the 
car heads of standing juar ; one was Dichoorocis punctiferalis and the second 
Eublemma silioula, the former being found in large numbers feeding on the 
unripe grain inside the heads. Calandra orye@ has also been noted in the 
heads of standing juar, ‘The maize stem fly was particularly bad on seedlings 
of juar and the same was reared from wheat seedlings sent from Sind where 
it was reported to have destroyed G0 per cent. of the seedlings, 





Investigations were carried on in connection with the dropping of oranges 
and other allied fruits from the trees just at the time of approaching maturity. 
‘A fruit fly has hitherto been considered to be responsible for this damage. 
Last year a number of moths (Ophideres fullonica) were captured in the act 
of puncturing the fruits of Pomelo and this year no less than five different 
species of moths have thus been caught on oranges alone, vis.:—Ophideres 
maturna, 0. ancilla, O. salaminia, O. fulloniea, and Anua coronata, Nyetipao 
‘macrops was also cought in large numbers but there is no evidence to show 
that this punctures the fruits ; it probably takes advantage of the punctures 
made by other moths, Fermenting sugar syrup has not been able to attract 
these moths, Further trials in this direction are contemplated and the only 
method now in use is to catch the moths with the help of a bright lantemn 
while puncturing the fruits. 

‘The mango crop was a failure on account of a bad attack from mango 
Tassids, Idiocerus clypealis and I. niveosparsus. Preliminary trials of spraying 
with Crude Oil Emulsion were restricted to determine the right strength at 
which the immature bugs could be killed. Strengths varying from 1 in 40 to 
1 in 100 were tried. ‘The mango inflorescences after being sprayed were en- 
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closed in muslin bags and were examined the next day and the day after. 
‘The only strength at which some bugs were killed was 1 in 40, 

Some work on rats troublesome to coconut plantations was undertaken 
this year. Tarred tine cones were fixed to the palms round the stem. ‘The 
crowns of the palms were cleared of all rats and their nests and the palms 
were severely isolated from other trees whose branches might touch the palms 
and so afford meaus of passage to the rats, This was perfectly successful. 
Check gardens which were under observation and where no precautions of any 
kind were taken showed that damage due to rats may go as high as 100 
‘rupees annually for every 250 palms, There is an attempt on the part of other 
‘owners to follow this system. . 

The supply of seed potatoes to the cultivators having to be taken up on 
account of the stoppage of import of Italian seed, experiments with fumigation 
‘of home-grown potatoes were carried out to get rid of the potato worm (Phtho- 
rimaa operculella) which prevents the seed from being kept over from one 
season to another. Simple fumigation with petrol has given extremely good 
results and subsequent storing in gunny bags prevents all loss. Experiments 
with Hydrocyanio acid gas fumigation were also carried out to test its effect 
on germination of the tubers, 

Central Provinces.—The life-history of Stromatium barbatum, a Ceram- 
bycid borer in orange trees, was studied at Nagpur and it was found that its 
life-cycle may extend over two years. 

A considerable number of observations on insect pests were also made 
by the Field Assistant: working under the Deputy Director of Agriculture, 
Southern Circle, ‘The attack of Sphenoptera gossypii, a Buprestid borer in 
cotton stems, has been very considerably lessened as the result of continuous 
destruction of attacked plants in Berar and other cotton-growing districts. 


United Provinces.—Work has been chiefly devoted to two pests : (1) 
Demonstrations of potato storage to avoid damage by the potato moth, 
Phihorinea operculella, Storage in sand has been uniformly successful, and 
‘the method is being widely adopted, thousands of maunds now being stored 
in this way at Patehgath. (2) Considerable attention has also been paid to 
‘the bollworms attacking cotton. As in 1915, Gelechia gossypiella was a more 
important pest in 1916 than Zarias fabia, and it has been shown that the 
‘most important method of carrying Gelechia over from one season to another 
is in any cotton plants left standing in the fields and in cotton seed or kapas. 








Punjab.—From the consignments of Rhogas pupe received from Pusa 
the parasites of Zarias were successfully introduced at Hansi during May 
and June 1916. During July and August Rhogas was supplied in large numbers 
from the parasite-breeding plot to the important cotton-growing tracts of 
Sargodha, Lyallpur, Gurdaspur, Sialkot and Hissar ; over a thousand para- 
site boxes were used during the season and the damage from bollworm was 
below normal. 
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In May 1917 Rhogas was found present in the parasite-breeding plot at 
‘Hansi and hence it has not been necessary to obtain it from Pusa, 

Myllocerus blandus was a serious pest on young germinating cotton in 
certain tracts, As a result of observation it was determined that young 
maize plants will serve as a good trap for these insects and maize was recom- 
mended to be sown with cotton, the result being very satisfactory. ‘The 
beetles fed entirely upon the soft juicy leaves of maize and remained hidden 
during the day in the whorls of leaves. ‘The cottons remained unattacked. 

Buphalerus citri has been present on all citrus plants. Preliminary inves 
tigations have been in progress during the year and the number of generations 
and the length of life-history are being recorded. For control » small affected 
garden near Lyallpur has been twice sprayed with Crude Oil Emulsion ( 
pint in 4 gallons of water) and is free from the pest now. 

Euproctis flava has been bred from castor, cotton, rose, peaches, pome- 
granates and mangoes. ‘The caterpillars proved destructive to grapes during 
May and June. ‘The washing of the bunches where the caterpillars were 
clustered by spraying pure water through a spraying; machine proved eflective, 
By the force of the water the caterpillars were dislodged and fell down on 
‘the ground. 

The Arabian date plantations at Muzaffargarh were extensively attacked 
by the grubs of Rhynchophorus ferrugineus. After trying various other mea- 
sures it was decided to build mud enclosures round the trunks of the plants 
and keep them filled with water day and night. The idea was that the water 
would soak through the tunnels to the grubs and disturb them. ‘The result 
of these operations was that within 37 days 413 grubs were got out of the 
plants, All the plants have been saved in this way excepting two which 
were past all cure, 

‘The habits and life-history of Mango Hoppers (Ldiocerus sp.) have been 
studied. Spraying with fishoil soap with resin prepared by the Fisheries 
Department, Malabar, has given very satisfactory results. 

In the spring 700 ozs. of French silkworm seed were reared in the Province, 
Results of 578 028. are available, and these produced 95 maunds 10 seers of 
ary cocoons, 

North-West Frontier Province.—The entomological work was chiefly 
concerned with the spraying of orchard trees against Aphids, and there is 
nothing special to report. 

Bihar and Orissa.—A study of the life-history and seasonal history of 
a Braconid parasite of Agrotis ypsilon was made with a view to finding out its 
possibilities against Agrotis caterpillars in the chaur lands of this Province. 
Further work was done on the life-history of Agrotis ypsilon in the Insectary 
‘and the question of its estivation in the Plains was again gone into, 

Arrangements were made for studying insect-affected potatoes from 
Aifferent parts of the Province, in order to find out if Phthorimaa operculella 
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has any important parasite, From the samples received during the year 
no parasite was obtained, 

In the Tusectary, observations were made on the life-history of twenty-five 
insect pests and complete life-histories of four of them were worked out during 
the year. 

Besides dealing with a large number of minor insect pests reported from 
the province, a campaign was conducted against Agrotis ypsilon at Ghogha 
and Colgong with 65 Andres Maire traps with fairly satisfactory results, 


Bengal.—During the year the Entomological Collector visited various 
places in connection with outbreaks of Rice Hispa (Hispa armigera), Rice 
Swarming Caterpillar (Spodoptera mauritia) and Large Brown Cricket (Brachy- 
types portentosus) and, demonstrated methods of combating them. 

Spraying of Vermisapon special K for Red Spider on ganja at Nogoon 
(Rajsbahi) was continued. 


Assam.—The Entomological Assistant spent most of his time on tour 
combating attacks of pests, chiefly on paddy, eg., attacks of swarming cater 
pillars, Rice Hispa, Rice Bug, Rice Grasshopper, Rice Case worm, the Army 
worm, ete, He also dealt with attacks of Cotton Leaf roller, Red Cotton 
Bug, Greasy Surface caterpillars or Cutworms, Cane borers, the Jute semi- 
looper, and Red ants in various localities 





Burma.—Attention has been paid chiefly to pests of the tice plant, especi= 
ally land aud marine crabs of various speciés, and snails, both of which do 
serious damage in Burma, A Bulletin on the paddy pests of Burma has been 
written for publication, 





IIL.—Native States. 


Baroila,—Observations havo been made on the life-histoties of cane-borers, 
hairy caterpillars, tobacco stemborer (Phthorinaa heliopa), and cotton boll. 
‘worms. 

Mysore.—Cocous viridis. A study of a representative collection of Green, 
Bugs from Java, Ceylon, Seychelles and Hawaii has shown that the species 
is extremely variable and that the term “Green Bug” now stands for 
at least five distinct forms, the South Indian form being one of them. A 
paper on the variability of the species and a possible explanation of the pheno- 
menon was read before the Science Congress in 1917. Anatomical studies. 
of the South Indian form, C. colenani, have shown that tho buccal apparatus 
and other structural characters have not yet been correctly described. The 
pest having considerably diminished in virulence, no spraying on any large 
scale was done but most of the infected Indian estates were visited and advice 
was given to deal eatly with the survivors from the monsoon. Experiments 
were conducted which show that the reappearance of the pest after the monsoon 
can be checked if all ants’ nests are removed. 
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Xylotrechus quadripes—Combative measures against this important 
pest of coffee consisting of scrubbing,-and scrubbing with whitewashing, were 
conducted on neatly 4,000 plants. Results will.be available in the auturan, 


Mango Pests. A study of the insect enemies of the various species of 
mango hoppers fond in Mysore has been made, A small moth whose larva, 
is found adhering to the abdomen of I. elypealis, three species of bugs, one 
Chrysopa, a vemarkable larva found attached to thorax of nymphs, and having 
the shape of a tick, a hymenopterous parasite of the eggs, a mantis, are the 
enemies that have been noticed, 


Among other pests of mango the life-histories of a gall fly on the leaf, @ 
small moth on the tender twigs, a Thrips on the tender leaves have been 
worked ont. 

Bruchids, Experiments against Bruchids have led to the discovery of 
simple remedy. With regard to mercury, experiments show that its effect is 
independent of the action of light. 


Amsacta spp. Work has been continued in the same centres as last year 
in the hope of ridding them completely of the pest. In one of these the raiyats 
themselves have made arrangements for handpicking, raising a voluntary 
subscription to pay the children for moths collected. 

Castor Semilooper. (Achaea janata). ‘The study of this pest has progressed 
satisfactorily, ‘The ‘discovery has been made that it is a fruit feeder and 
thus has led to the further discovery of the haunts of the moths. 


Travancore.—Spodoptera mauritia ocourred throughout the State as a 
serious major pest of the rice crop in all rice-growing seasons of the year. 
It is not a pest of any other crop. ‘The kerosine process was tried and found 
to be effective especially when the caterpillar is young. ‘This process was 
demonstrated in many places. Many ryots followed this system, 

Schenobius bipunctifer. ‘This occurred in the month of October as a very 
serious pest of rice crops in South Travancore. The process of removing and 
destroying the affected plants, which are conspicuous by this stunted growth, 
goes a good long way to check the spread of the pest. ‘The application of cil- 
cakes as a top-dressing in the affected field is found to be beneficial ; this is 
also recommended. ‘The stubbles of affected crops were examined in the 
beginning of April and not a single insect was found in them either as larva 
or as pupa. 

Leptocorisa varicornis was not so very bad this year. ‘The occurrence of 
this pest was reported from one Taluq where the total area of the paddy field 
which the pest destroyed was fifty acres. Bagging is the remedy usually 
recommended. = 

Oryetes rhinoceros appeared as a serious sporadic pest and was reported 
from many places. A liberal and frequent application of a mixture of sand 
and salt on the crown of the coconut tree was recommended. 
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Coconut leaf-eater, A pest belonging to the family Limacodide attacked 
‘the coconut trees at the beach near Trivandrum. The pest eats the green 
Jeat blades. Nearly 3,000 trees were damaged by this insect. A Hymeno- 
pterous parasite was its natural enemy ; this was brea large numbers and 
Jet out in the affected area. ‘The introduction of parasites had a wonderful 
effect in destroying the pest and saving the trees. 

Cnaphalocrocis medinalis, ‘This pest of the rice crop appeared in many 
places in January and was very serious in Middle Travancore. The rolled 
tips were beaten briskly with a stout cane. ‘Thus the rolls were destroyed 
and the rollers dislodged and exposed. ‘Then a mixture of lime and ashes in 
proportions of 1: 4 was applied over the crop, after draining away the water 
wherever possible. ‘The xyots approved of this process of destroying the 
pest, 

‘Nymphola depunctalis appeared as a serious pest of rice crop in one locality. 
‘The Kkerosine process was tried and found to be very effective. 

Hispa armigera did much damage to the rice crop of the south in Decem- 
ber, ‘The water was drained away from the attacked fields and the pest was 
destroyed by bagging three or four times, The result was excellent. 








1V.—Other Entomological Work. 


Indian Tea Associntion.—The Entomological Research done during 
the year ended June 1917 was confined to the question of mosquito blight, 
and consisted chiefly in the carrying out of laboratory and field experiments, 
in connection with the further investigation of the relations which have 
been found to exist between the incidence of the pest and soil conditions, 
and the possibility of controlling attacks by adjustment of soil conditions. 

‘The collection of data on pests of green manure plants used in tea was 
continued steadily. 

Advisory work, as usual, formed a considerable proportion of the work * 
of the Department, and the districts visited by the Entomologist on tour 
swore the Duars from Dam Dim to Kalchini, the Hailakandy Valley of Cachar, 
the Chargola, Longai and Halisera Valley of Sylhet, and the Mangaldai and 
Nowgong districts of Assam, 

South Indian Planting Districts.—ea. Helopeltis still continues to 
be troublesome, especially in the districts of Pirmad and Central ‘Travancore, 
Though occasionally noticed in the Wynand and Nilgiti Wynaad it never 
spreads or does any material change. Possibly in these districts climatic 
conditions are unfavourable to it. ‘The worst attack ocours during the monsoon 
months when spraying is impossible, and experience fully shows that spray 
fluids are uscless in the case of a bad attack, and a: combination of spraying 
at the beginning of an attack, hand-catching, and cultural methods, are the 
‘only possible methods of control. ‘The best means of control seems to be 
the pruning of large areas at such a time that the young ftush will get away 
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before the attack of Helopeltis begins, and possibly spraying such areas at the 
very beginning of an attack if the weather is favourable, 

A new pest was reported during the year from Wynaad in the shape of 
“Oontheyla rotunda, "This did a little local damage to tea but was controlled 
by pruning and handpicking. 

Specimens of Zerias silhetana were reported from Mundakayam (Travancore) 
attacking Albieeia in Tea and the Tea beneath it. ‘This again was easily 
controlled and a purely sporadic attack. 

‘A few cases of Kelworm attacking seodlings in nurseries were reported. 
‘This trouble is apt to occur in old nurseries and the remedy is not to use a nut- 
sery more than once. 

Coffee. Scale Insects are still troublesome and Coceus viridis has been 
generally present though not so bad as in past years. Early rains allowed 
tthe parasitic fungi to start growth early and these largely control the scale. 
Spraying and the systematic destruction of ants aro now regular practices on 
the Estates, and this pest may be said to be fairly well under control. Tish 
Oil Resin Soap, now manufactured by the Madras Fisheries Department ab 
‘Tanur, has been found the best spray material to use for all Scale Insects, 

Coffee Borer has been less prevalent than in past years and this pest appears 
‘to have definite oycles, 

A new pest hns been reported during the year in the shape of a Tiger Beetle 
(Coliyris) boring in young coffeo stems in the Shevaroy District. ‘This is of 
Jimited occurrence and a minor pest of more scientific interest than anything 
else at present. 

Rubber. This crop continues to be free from insect pests. 


ae 
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ZOOLOGY. 


Il,—ECONOMIC ZOOLOGY. 


Part I1.—Forest Entomology 
by 


©. F. G. BEESON, M.A. LPS., 
Forest Zoologist, 


‘The writer was absent on special duty in Mesopotamia throughout the 
year during which Mr, B, B, Osmaston, President, Forest Research Institute 
‘and College, held chargé of the office with Mr. N. O. Chatterjee, Assistant 
to Forest. Zoologist in charge of Research work. In consequence no touring 
‘was carried out by the Forest Zoologist and no progress was made in, certain 
items of research. 

Insects of the Sal.—(a) The life history of Hoplocerambyx spintcornis, 
Newm. was studied under insectary conditions and breeding technique im- 
proved. An epidemic attack by this borer in the Siwalik division, U. P., 
resulting in the death of 7,000 sal trees was investigated by the President, 
and the Assistant to the Forest Zoologist, who toured in the affected forests 
in January—February 1917. Contrdl measures will be attempted in 1918. 

(®) Acolesthes holosericea, Fairm. Systematic work on the early stages 
of this species and of associated longicorns of the genera Xylotrechus and, 
Chlorophorus has been carried out to establish reliable identification characters. 
‘The life cycles of all species have been determined in the insectary. 

(c) Shot hole borers. About 90 consignments of sal logs were sent in by 
Divisional Officers in the United Provinces, Central Provinces, and Bengal, 
and from these, several thousands of shot hole borers, longicorns and lepidop- 
tera have been bred out., The identification and interpretation of this mate- 
rial is now in progress. 











Insects of the Teak. —(a) Duomitus ceramious, Wlk. No work in con- 
nection with this species was carried out at the Research Institute, but obser- 
vation plots were laid out in Burmah, in Petsut and Mohnyin Reserves, Katha 
Division, in Bhamo Division, in Pyinmana Division, in Pyuchaung Reserve, 
South Toungoo Division. Observations in these and other localities in 
Burmah have been eatried out by special and Divisional Officers. ‘The results 
of their investigations have not yet been communicated, (2) No research was 
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undertaken with other pests of teak owing to the absence of the writer from 
India. Arrangements were made for. the Assistant to Forest Zoologist to 
‘tour in Madras in November 1916 in connection with the defoliators of 
teak, but asa result of the postponement of the enquiry, these were not 
carried out. 


Insects of the Chir.—(a) Ripersia resinophila, Green. Arrangements 
-eould not be made to visit the somple plots established in Kumaon in connee- 
tion with the work on this species, and these have therefore been abandoned. 
Breeding work in the insectaty yielded series of microlepidopterous parasites 
‘of the scale, among which are the following new species :—Batrachedra silva 
ica, Meyr., Blastobasis transoripta, Meyr., and Slathmopoda adulatriz, Meyr. 
In addition consignments from Chamba State, and Almora yielded Promo- 
lactis cornigera, Meyr. (6) Observations carried out in the Chir plantations 
‘of Pauri, South Gathwal, United Provinces, indicate that the trees are killed 
off by the successive attack of the blister fungus Aecidium complanatun 
‘Var. corticola and the weevil Oryplorrhynchus brandisi, 


Insects of the Toon.—(a) ‘The investigation into the life history of 
Hypsipyla robusta was completed and measures for its control in avenues 
and plantations successfully demonstrated. A bulletin has been prepare 
for publication. (b) Two new arctiid defoliators of toon were recorded. Vis, 
Diaorisia obliqua, Wik, and Creatonotus transiens, Wk. 

















Miscellaneous pests.—Knquiries from Divisional Officers during the 
year were less numerous than usual ; only 6b specimens were received for 
identification, ‘The following new pests and new hosts of known pests were 
recorded or identified during the year. 

Coleoptera.—(a) Tiberioides kuwerti, Axrow., (Passalidac) sont by the 
Divisional Officer, Darjeeling Division, Bengal, as a borer of Juglans regia. 

Q) Holotrichia longipennis, BI., (Melolonthidae) reported by the Working 
Plans Officer as defoliating Querous incana in Kangra Division, Punjab. 

(0) Heterobostrychus aequalis, Waterh., (Bostrichidae), reported by the 
Divisional Officer as boring into newly felled Odina Wodier timber in Tharra- 
waddy Division, Burmah. 

(@ Stromatium barbatum, (Corambycidae) attacked planks of Steroulia 
alata and Pongamia glabra in the Research Institute Museum, Dehra Dun. 

(©) Hoplocerambyx spinicornis, Newm., (Cerambycidae) reported by the 
Divisional Officer as boring into newly felled timber of Shorea obtusa in North 
‘Toungoo Division, Burmah. 

(1) Sipalus hypocrita Boh. (Curculionidae) reported by the Divisional 
Officer, Darjeeling, Bengal, as boring into newly felled timber of Pinue 
Ehasya. 

(@) Caryoborus gonagra, Ol. (Bruchidae), reported by the Divisional 
Officer, Lahore Division, Punjab, as attacking the seeds of Prosopis juliflora. 
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Lepidoptera.—Zrabala vishnu, Lef., (Lasiocampidae) bred out by the 
Working Plans Officer, Kangra Division, Punjab, as a defoliator of Querous 
ineana, 

Aoreocercops lovias, Moyr., (Gracilarindae) bred. out from leaves of Eugenia 
jambolana sent by the Superintendent of Forests, Marwar State. 

Silotroga cerealella, Ol, (Microlepidoptera) was reported by the D' 
Officer, North Thana Division, Bombay, as injurious to Bamboo seeds. 

Insect Collections.—Addition of identified specimens to the collection. 
has been small (sonie 40 new species) owing to the continuation of hostile 
action at sea, ‘The losses include a large collection of Carabidae identified 
by Mr. Andrewes, which was sunk on the Maloja, unidentified Curculionidae 
on the Arabia, and a batch of Scorpions identified by Mr. 8. Hirst, lost on the 
Mongolia. Safo arrivals include Rulelinae, Oetoniinae, and Melolonthinae 
from Mr, G. J. Arrow ; Jassidae from Mr. W. L. Distant ; Sarcophagidae and 
Muscidae from Mr. 1. Brunetti; Miorolepidopterd from Mr. E. Meyrick ; 
Lepidoptera from Mr. 'T. B. Fletcher ; and Scorpionoidea from Mr. 8. Hirst. 

A collection of several thousands insocts made by the writer in Mesopotamia 
has been received. 





ional 
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VETERINARY SCIENCE 
By 


_ A. LESLIE SHEATHER, B.So., MR.CVS., 
Inperial Basteriologist, Muttesar. 


During the year in addition to minor investigations connected with the 
examination of specimens and serum tests for the diagnosis of Doutine, the 
following work was carried ont at. the Imperial Bacteriological Laboratory, 
Muktesar. 

Rinderpest—A large number of observations have been made regarding 
the vitality of the virus under various artificial conditions. 

A report on this subject has been published by Mr. Shilston ina memoit 
of the Veterinary Series of Memoirs of the Department of Agriculture in India. 

Further observations in connection with the same subject have been made 
and the results will be published as soon as possible. 

With a viow to economising labour and materials the use of oxalate method 
of proparing serum has been extended and satisfactory results are being ob- 
tained. 

Anthrax and Hemorrhagic Septiceemia.—Pressure of routine and 
administrative work during the early part of the year and absence of the 
Physiological Chemist on military duty prevented any extensive experiments 
in connection with these diseases being carried out. ‘The subjects have, how- 
ever, been taken up again and efforts are being made to accelerate the produe- 
tion of the anti-sera for these diseases. It is anticipated that labour and 
material will be economised. 

Kumri.—A report on Kumri was submitted for publication by Dr. 
Macalister betore he left Muktesar for military duty. Tt embodies an account 
of the disease snd his work regarding the nature of the pathological changes 
produced. 

Further research on the disease has had to be postponed for the present, 

Strangles.—Pressure of other work has prevented a continuation of the 
experiments in connection with the immunisation of young stock at the Re- 
mount Depéts against Strangles. Anti-Strangles scrum and vaccine have, 
however, been supplied in fairly large quantitios for the treatment of the 
disease and have given satisfactory results. 

Contagious Abortion.—Contagious abortion in cattle has been reported 
from some of the Military Dairies. Efforts are being made to isolate the 
causal organism of this disease. 
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Pleuro-pneumonia of goats.—During the last month ot two of the year 
‘under report some experiments were carried out in connection with this disease. 
Failure to obtain susceptible animals for experimental purposes interrupted 
the work, but the subject will be taken up again when suitable animals become 
available, 

Surra.—Some experiments in connection with the treatment of Surra 
have been carried out but so far without success, 

‘Tuberculosis.—The study of strains of the tubercle bacillus isolated 
trom cattle in this country is being continued. 

Dourine.—During the past year a trypanosome infection of horses 
‘transmitted by coitus made its appearance in the Punjab and Baluchistan and 
evidently has a wide distribution in the horse breeding areas. Its existence 
is seriously interfering with the progress of horse breeding, especially in the 
Army Remount Department “Circles.” ‘The diagnosis of the disease in its 
early stages presents great difficulties. A laboratory method of examining 
the serun of suspected cases known as the Complement Fixation test has 
deen successfully applied in America for the detection of infected animals, 
and the study of its applicability to the disease in this country has been taken 
up by Mr, Shilston, 

A large number of tests have been carried out with promising results and 
it is hoped that by this means the officers of the Civil Veterinary Department 
and Army Remount Department may be assisted in stamping out the disease. 

Tohno’s Disease.—The occurrence of a chronic form of enteritis has 
boon reported from one of the Military Dairies, 

Examination of specimens from three affected animals has established 
the fact that they were suffering from the disease known in England as Johne's 
disease. One animal suspected of being infected is under observation, 


Reports from Veterinary Colleges and Provincial Laboratorie: 


(f) Camel Specialist.—Mr. Cross has written a noto on the “ Action of 
Purgatives in’ Camels” and his Annual Report for the year 1916-17 shows 
that tho following reports have been sent for publication in the bulletin form 
hy the Imperial Department of Agriculture :— 


(1) A note on jhooling. 
(2) Anti-ly emulsions for the protection of camels against the attacks 
of blood-sucking flies. 
(8) Susceptibility of camels to rinderpest, hemorrhagic septicemia 
and black quarter. 
(4) Feeding experiments in camels, 
He is also carrying out experiments regarding Surra— 
(2) the course that surra runs in the camel, 
(2) the difference between cumel surra and horse surra, 
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(8) the curative treatment of surra by means of drugs, and 
(4) the preparation of a curative serum. 


Civil Veterinary Department, Central Provinces. 


(is) The Superintendent, Mr. C. W. Wilson, enymerates the following points 
which are of scientific interest and worthy of record :— 


(a) The discovery of a species of Tick (Ornithodoros savignyi) for the 
first time in Contral Provinces, and says that the identification 
of this tick was confirmed by the Imperial Pathological Ento- 
mologist. 

) Mortality of Bovines from Surra in two epidemics definitely authen- 
ticated. 

(©) Infection of the two species of piroplasms co-existing with suxra 
in a pony recorded for the first time in the annals of protozoology. 

(a) Farther proof of the efficiency of soamin therapy in the treatment 
of spirochietosis of ducks and geese was established. 
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MEDICAL RESEARCH. 


By a resolution passed at the fifth annual meeting of the Governing Body’ 
hold at Simla on the 80th of May 1916, the Scientific Advisory Board was 
constituted as follows :— 

(1) Surgeon General Sir Pardey Lukis, K.0S1., KHS,, LMS. 
(@) Lieutenant-Colonel W. W. Clemesha, M.D., LMS. 

(8) Major J. Cunningham, M.D., LMS. 

(4) Major F, Norman White, C.LE., M.D., IMS. (Secretary). 

‘The investigations that have been in progress during the year concem 
truberoulosis ; plague ; diabetes ; the house fly ; leprosy ; osteomalacia ; and 
ankylostomiasis, 

‘Taberoulosis,—Dr. Lankester’s preliminary inquiries into the prevalence 
of this disease in India were brought to a close on the 7th of August 1916. 
‘His preliminary report was circulated to all Local Governments who were i= 
‘ited to express their opinions on the questions raised. Replies, received from 
all administrations, are now being considered by Dr, Lankester, who is engaged 
in drafting a final report, which is expected shortly. On its receipt the Soienti- 
fic Advisory Board will address the Governing Body as to the measures which in 
their opinion should be taken to cope with a disease which is very widespread 
and the cause of much loss of life, misery and suffering. 

Plague.—Since our last annual meeting Dr, Ohitre has been carrying on 
the inquiry in the Poona district that was started by Major Kunhardt, The 
lines on which he has worked were fully desoribed in our last annual report. 
‘Te must be confessed that the measures employed have done little, if anything, 
to diminish the severity of the epidemic from which Poona has suffered, but 
Dr. Chitze’s investigations into methods of rat destruction have yielded results 
that promise to be of considerable practical importance. ‘His experiments 
have been well contrived and most carefully carried out, 

It will be remembered that the present inquiry was started to test the 
tenability of Major Kunhardt’s contention that it is possible to prognosticate, 
from a study of the plague retums of one epidemic, those places which were 
likely to act as foci from which infection would spread and originate the subse- 
quent epidemio ; he believes that places infected late in the plague season are of 
the greatest importance in this regard. We hoped that if the hypothesis be 
true, energetic rat destructive measures applied to such places would result in 
the eradication of the disease from the area experimented on. Experience has 
shown us that the hypothesis has a good deal to support it though Dr. Chitre 
‘opines that grain stores and markets are also likely to act as foci of infection 
irrespective of the period in the plague season in which they become infected. 
This is likely primd facie, 
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The failure of our plague preventive measures is in part due to the fact 
that the measures employed did not succeed in determining a sufficient 
diminution in the rat population. Phosphorus rat poisons such as the Common 
Sense Rat Exterminator and the Punjab Rat Exterminator were both tried 
and were both found very inefficient rat poisons. 

‘The inquiry thus resolved itself into a search for a more efficient practical 
measure of rat destruction. Here some success has been attained. Several rat 
poisotis have been experimented with, 


(1) Barium carbonate appears to be the best rat poison yet tried. (Phos- 
phorus poisons—sodium arsenite and sodium arsenate—wero 
oxtensively experimented with). 

2) Bojri flour as a vehicle for the poison is much more attractive to 
rats than other substances, eg., wheat, barley, or tice flour, 
cheese, ete. 

(8) The addition of either cheese, ment or sugar to the bait detracts 
from its attractiveness for rats, 


‘Thus it would appear that not only the nature of the poison but also the 
‘manner in which it is presented to the rat, is a matter of very considerable 
importance, 

As regards the future of the inquiry the Board have had the benefit of the 
opinion of Major Hutchinson, the Sanitary Commissioner, Bombay, and Major 
Kunhardt, ‘The former is of opinion that the admitted failure in Poona was 
in a very largo part due to the impossibility of getting Marwaris and other 
grain dealers to co-operate in rat destruction, 

‘The Board consider that it would be most inadvisable to close down the 
inquiry but they consider that, for the present at any rate, Dr. Chitre should 
devote his entire attention to methods of rat destruction, leaving it to the 
local sanitary authority to apply the results with our aid and assistance, if 
desired. 

‘The Board recommend that necessary sanction to the continuance of the 
inquiry may be accorded. Existing sanction expired on May 5th, 1917. 

Hydrocyanic Acid Gas as a disinfectant.—‘The results of Major Liston’s 
experiments in this connexion are briefly detailed in the attached letter. 
‘This subject is receiving increased attention. ‘The 
that are being prosecuted was referred to in our last 
report. Lieutenant-Colonel Clayton Lane, LMS., has been transferred from 
Darjeeling : his inquiry has thus come toan endand was closed on the 30th of 
April 1917. 

‘The Association were extremely fortunate in having so experienced a 
helminthologist as Lieutenant-Colonel Lane at their disposal to take charge of 
this investigation and they take this opportunity of placing on record their 
appreciation of the valuable work he has carried ont on their behalf. 
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Ib is to be hoped that the Local Government and the Planters’ Association 
cof Darjeeling are sufficiently impressed with the importance of the subject 
to maintain and extend the sanitary improvements inaugurated by Lieutenant- 
Colonel Lane. ‘The expense and trouble thereby entailed will be more than 
eompensated for by the improved health and increased efficiency of the 
abour forces. 

Dr. Mhaskax’s investigations have revealed an even greater prevalence 
of hookworm infestation among the cooly population of Southem India than 
‘was found among the tea garden employees of Darjeeling. ‘The lines on 
which it is proposed to increase the scope of the inquiry were fully deseribed 
in a recent note by the Seoretary of our Board which was forwarded to the 
Governing Body under cover of out letter No. 52-Ak. N.I.G.-1-3, dated the 
“9th of January 1917. The Board consider the matter to be one of very great 
importance to India and they trust that whole-hearted co-operation of Local 
Governments will be forthcoming and will lead in the near future to active 
measures being taken to deal with the situation disclosed by our preliminary 
investigations, 

Dindigul has been selected as the locale for Dr. Mhaskar’s extended in- 
vestigation in Madras, Local factories, the surrounding villages, and the 
‘Trichinopoly Jail will receive attention. ‘These proposals await tho sanction 
of the Governing Body. ‘The approximate cost of the inquiry for twelve 
months exclusive of travelling allowance will amount to Rs. 15,000. 


Entomology.--Mr. Awati has made good. progress in his investigations ito 
‘the genus musca. A fourth report has been received from him and is i: the 
press. 

‘Mr, Mitter and Mr, Swaminath are at present assisting Mr, Awati in his 

inquiry. 
Diahetos.—2lnjor MoCay continues his investigation of diabetes in Caleutta, 
Mnch useful information is being collected especially as regards “ tolerance to 
‘glucose ” an important line of research, and the effects of glucose on the healthy 
and those predisposed to glycosuria, In those disposed to glycosuria the fat 
content of the blood rises with the sugar content, when the tolerance ‘point is 
reached. ‘The significance of this interesting observation is not at. present 
understood. ‘Time has been devoted to devising methods for the estimation 
-of very minute quantities of sugar in urine. 

Sauetion to the prosecution of tho investigation up to the end of ‘he year 
hhas been accorded. 

Osteomalacia.—Dr. Agnes Scott brought her investigation to a close at the 
end of 1916. Dr. Soott’s report was published in the Indian Journal of Medical 
Research~July 1916, and her findings were epitomized in our last annual 
report. 

Chaulmoogra Oil.—Lieutenant-Colonel Sir Leonard Rogers, LM.S., has 
recently made what appears to be a distinct advance in the treatment of leprosy 
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by the intravenous injection of the so-called ‘ gynocardates.’ A detailed 
chemical investigation of chaulmoogra oil is a necessary preliminary to further 
work in this line, and it is on such an investigation that the Indian Research 
Fund Association have employed Dr. Sudbamoy Ghose who is working under 
the general supervision of Sir Leonard Rogers in Calentta. 

A preliminary report on the results hitherto achieved is being published i in 
the current issue of the Indian Journal of Medioal Research, 


Investigations in Karachi.—-Major B. D. W. Grieg, LM.S., who is at pre- 
sent in military employ holding the post of Pathologist, No. 37, Indian General 
‘Hospital, Karachi, is in addition to his routine duties carrying out inquiries 
regarding several Pathological conditions encountered among troops retuming 
from Mesopotamia. Oriental Sore and Sourvy are at present receiving special 
attention, Laboratory equipment has been given him by our Association 
who are also meeting the contingent charges and the pay of the laboratory 
assistants, Interesting results are looked for. 

In giving assistance to enquiries of this nature the Research Fund Associa 
tion is capable of doing most useful work. 

Stegomyia Survey.—In November 1913, sanction was accorded to the 
proseoution of a stegomyin survey in Bombay. Mr. Akula working under the 
Girvotion of the Director of the Parel Laboratory was entrusted with the 
inquiry which still continues. 

‘The Scientific Advisory Board recommended that this inquiry be closed. 
with effect from June 30, 1917. 

Protozoology.—Mrs. Adie continues to work in Kasouli on the life history 
of certain blood parasites of birds. She has submitted a report on which the 
Scientific Advisory Board have recommended the extension of the inguiry 
to the end of the present year. . 

The Indian Journal of Medical Research.—The journal has now 
completed the fourth year of its existence. Tt is gratifying that, in spite of 
the fact that the majority of our research workers are engaged in war work, 
the scientific articles that have been published in our pages have fallen short 
in neither quantity nor quality of the standard of previous years. ‘The cost 
of the: production has increased somewhat owing to the increased cost of 
materifils but even now the amount spent on publication is small when com 
pared with the importance of much of the work: published. 

The journal continues to receive very favourable mention in the press and 
wwe have received numerous communications all emphasizing the importance of 
the role the journal fills, In several instances it has been the means of bringing 
our workers into touch with workers in the same field in other quarters of the 
globe. In every senso the journal has achieved an even larger measure of success 
than was anticipated. 

‘The Board wish to place on record their appreciation of the valuable services 
rendered by the office staff, more especially by Mr. Stuart Wilson, Chief 
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‘Superintendent, Mr. Buller-Wade in chaxge of the Sanitary Section, and Pundit 
Babu Ram, Research Fund Clerk. D 


Copy of « demi-official letter, dated the 18th April 1917, jrom Major W. Glen 
Tiston, O.1.B., I.MS., to Major P. Norman White, O.LE., LM.S., Secre- 
tary, Scientific Advisory Board, Indian Research Fund Association, Simla, 


Since T submitted my last report on HON gas, very considerable progress 
has been made especially in the direction of testing the use of the gas not 
jn the laboratory’ but in natural conditions, Before this could be done a 
number of different types of machines for generating the gas had to be con- 
structed at considerable expense. Each machine was modified in some one or 
‘other ditection to make it more useful in practical application. We made, for 
example, two machines on trolleys the one differing from the other mainly in 
respect to the disposal of the tubing required for distributing the gas. Another 
machine was made for use on railway carriages infected with vermin, The 
railway companies had found it exceedingly diffioult to get rid of bugs when 
‘carriage once became infected. ‘Thoy had found it necessary to practically 
gut the whole carriage at great cost in time, labour and materials. ‘This 
machine has been in use for some time at the Carriage and Wagon Workshops 
‘of the Great Indian Peninsula Railway and has been found to effectively 
ell bugs, cockroaches and other vermin, infesting sleoping carriages and 
restaurant cars.) 

‘The trolley machines referred to above were found to be inconvenient for 
use in large chawls or tenement buildings so that another type of machine 
had to be constructed consisting of two separate units carried on a hand 
ambulance wagon together with all tubing, chemicals, ete., required for use, 
With these machines, a series of trials have been made in houses, 

‘Thus on experiment was carried out in Poona. A portion of the city was 
selected in which plague was present and the houses in this section were taken 
cone by one, ‘The construction of these houses varied very considerably from 
more or less pucot buildings to flimsy matting structures. Tt was not possible 
to completely close these houses in such a way as to prevent the escape of the 
as for the majority of them had country tiled roofs. ‘The size of the house 
varied considerably from fifteen thousand oubio feet to two thousand cubio feet 
‘The arrangement of the rooms differed in each house rendering it exceedingly 
difficult to obtain satisfactory conditions for the diffusion of the gas in all 
cases. The period of fumigation, ie. the period during which the room* 
remained closed after starting the generation of the gas, varied from two to 
eleven hours. In some of the houses tests were made with rats placed in 
cages in various positions or the rats were purposely Jot loose in the houses 
and sought for afterwards. The result of this experiment in twenty-one 
houses showed that all rats were not killed. ‘This was proved by the reports 
of the inhabitants of the houses as well as by the results obtained on the rate 
placed in cages. Seventy-seven per cent. of the experimental rats were killed 





MEDICAL RESEAROH. 107 


while the remainder remained, ‘The rats which survived were those which 
had been placed close to the tiles in the roof, where apparently the concentration 
‘of the gas was not great enough to kill, or in deep boxes or barrels or in se- 
cluded comers where sufficient concentration of the gas had not been effected 
during the period the room remained closed. 

While the results of these experiments on rats in houses were somewhat 
Aisappointing, we were assured by the inhabitants of the houses that the 
annoyance they had experienced from bugs had been removed. ‘The effect 
cf the gas on insects is much more marked than on vertebrates, Even among 
vertebrates there is a great difference in the lethal power of the gas not only 
on different genera but also on different individuals of the same species, 
Experiments showed that the construction of the gas required to surely kill 
rats was approximately 60 parts in one hundred-thousand. Individual 
rats wore killed when the concentration was as low as 28 parts per one hundred 
thousand. Birds (sparrows were used. for the experiment) were killed in a. few 
seconds when the concentration was as low as 5 parts per one hundred-thousand, 

‘The practical application of the gas for the destruction of bugs has yielded 
much more satisfactory results. ‘The War Hospitals at Colaba and Deolali were 
infested with bugs ; the gas was successfully used in both these institutions for 
killing the bugs. 

While the use of the gas for destroying rats in Indian houses has not been 
0 successful as was anticipated mainly because of the difficulty of xender- 
ing the houses “ air-tight,” an experiment in the hold of ship yielded more 
satisfactory results. Plague rats had been found in one of the holds of te 
hospital ship “Sicilia.” "This hold adjoined the refrigerator. Previous ex- 
perience with the Clayton gas, which has generally been used for disinfecting 
ships has shown thot a ship was liable to be set on fire when the gas is introduced 
into holds adjoining the refrigerating plant ; it was not therefore expedient to 
use Clayton gas in the infected hold on the “ Si Hydrocyanic acid 
vwas suggested as an alternative. _ Arrangements were therefore made to ge 
rate and diffuse the gas with thé machines we had available. Rats in eages 
were placed in different parts of the hold and after the pipes conveying the 
{g08 from the machines had been arranged and the hold had been closed, the gas 
‘was generated und blown into the hold. ‘The hold remained closed for 24 hows. 
All rats were found dead when the hold was opened, many insects were also 
dead, but a few cockroaches were still alive behind one of the washbasins on the 
main deck. ‘The capacity of the hold was fifty thonsand cubic fect; the 
machines we had to use to do this work were designed for small rooms so that 
in this respect the experiment was carried out with a serious handicap ; never~ 
theless the result was satisfactory. ‘The experiment showed that the gas could 
bbe used with safety, that it does not damage even the most delicate articles. In 
view of the fact that the gas does not spoil grain or other food, that there is 
no danger of fire and that it has an even a more powerful destmctive effect on 
insects than on rats, we think that there are great prospects for its successful 
use in the disinfection of ships, Further experiments however are required. 
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A much larger machine must bé made than any we at present possess, and 
some modification must be devised for distributing the gas. ‘The rubber pipes. 
‘we at present use are heavy and costly. 

‘The gas is in my opinion the ideal one for the disinfection of ships contain- 
ing infected vermin. It will be particularly useful for the disinfection of ships: 
placed in quarantine on account of yellow fever. ‘The Research Fund Associa- 
tion, I consider, would be well advised to continue to encourage further experi- 
ments and to give a grant for the construction of a large machine suitable for 
the disinfection of ships. 

P. 8.—I propose as soon as T oan find time to send you a full report of the 
work we have done, Much more has been accomplished than can be detailed: 
in this letter. 
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APPENDIX. 


Report on the principal work conducted for India at the Imperial 
Institute during the year ended 30th June 1917. 


SCIENTIFIC AND TECHNICAL RESEARCH DEPARTMENT. 
1.—SOTENTIFIC INVESTIGATIONS. 


Aconites.—Owing to depletion of staff and the pressure of important 
work arising out of the war it has not been possible to make much 
progress with the research work on Indian aconites during the year. 

Deodar Oil.—Two samples of Deodar oil were received from the Forest 
Research Institute at Dehra Dun in order that the uses and probable com- 
mercial value of the oil might be ascertained. Deodar oil is quite unknown 
in commerce, and the results of its preliminary examination at the Imperial 
Institute showed that it does not sulficiently resemble any commercial 
volatile oil to serve as a substitute for a known product. A complete 
chemical examination of the oil was therefore made in order to dotermine 
its constituents, and it was found that the two samples differred considerably 
in character and composition 

‘The results of the investigation were communicated to the Chemical Society 
of London by Mr. 0. D. Roberts, F.1.0., and a copy of the paper is attached. 

Deodar oil does not possess any marked value as a perfume, and it is 
uncertain whether it could be utilised as a substitute for cedar wood oil. A 
further supply of the oil has been requested so that further commercial 
enquiries can be made, 

Drugs.—A sample of the stems and leaves of Hyoseyamus mutious grown 
experimentally in the Madras Presidency was received for examination. ‘The 
yield of total alkaloid from the dry material was found to be 06 per cent. 
The alkaloid was readily obtained in a crystalline condition, and proved to 
consist of hyoseyamine. ‘The percentage of alkaloid in this sample is higher 
than in previous samples of the wild plants received at the Imperial Institute 
from India, but it is below the amount usually present in the wild plants from 
Egypt and the Sudan. H. mutious from Egypt has proved to be a valuable 
source of atropine, and chemical manufacturers who were consulted by the 
Imperial Institute have expressed willingness to try the Indian material and 
a trial consignment has been requested for this purpose. 

















IL TECHNICAL AND COMMERCIAL INVESTIGATIONS. 


A.—Experimental Work. 


Cotton.—Eleven’samples of commercial Indian cottons were received from 
the Agricultural Adviser to the Government of India, the object being to 


ca 
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ascertain to what extent the improved cottons now being grown in India would 
be suitable for use in Lancashire. Duplicate samples were forwarded at the 
same time to the Manchester Cotton Association. ‘The samples were examined. 
at the Imperial Institute and compared with type samples of each variety. 
Yaluations were supplied by the Manchester Cotton Association, and in the 
‘most promising cases valuations by cotton brokers in Liverpool were also 
‘obtained. All the samples were considerably superior to ordinary Indian 
cotton, though distinctly inferior in many cases to the cotton generally used 
in Lancashire, ‘The best saraple was one representing Karungani cotton 
from Madras, known commercially as.‘ Company No. 2,” which was fairly 
‘uniform in staple and was regarded as satisfactory by all the experts to whom 
it was submitted. Of the eleven samples no less than eight were regarded 
1s saleable in Manchester, at prices ranging from Id, to 2d. per Ib. below the 
current value of American cotton. 

‘Twelve samples of cotton received from the Government Experiment 
Farm at Akola represented the following varieties :—Rosea, Cutchica, Mal- 
vensis, Vera, Berar Jari, Saugar Jari, Bani, Buri, “K, 7,” BanixDeshi- 
Lahore, Bani xRosea, and BanixMathio. "The cottons were found to be of 
{good quality and generally similar to a previous set of samples from Akola, 
mainly of the same varieties, examined at the Imperial Institute in 1915. 
‘They were valued in Liverpool at prices ranging from 6d. to 83d, per Ib, with 
“middling” American cotton at 8}d, per Ib, 


Fibros.—A sample of nettle fibre from Bengal was forwarded for examin- 
ation in order to ascortain whether the material could be utilised as a flax 
substitute, ‘The crude fibre, as submitted, would almost certainly be 
‘unsaleable in the United Kingdom owing to its gummy condition and the 
presénce of bark, but if the fibre were thoroughly cleaned before shipment 
‘there seems to be no reason why it should not be used in admixture with jute 
or hemp for the manufacture of coarse textiles. It is, however, brittle and of 
inegular strength, being weaker than either flax or ramie. ‘The clean degum- 
med fibro was valued at £26 to £30 per ton in London (Sune 1916). 

‘A sample of fax from Assam was found to be a fairly strong, medium 
quality warp flax, suitable for uso by spinners in Ireland and comparing favour- 
ably with the medium qualities formerly reosived from Belgium, ‘The sample 
was valued at £150 per ton in the United Kingdom under war conditions 
(December 1916). ‘The subject is important, and the present isa favourable 
time for the development of flax growing in India. 


Tobacco.—Two samples of tobacco grown in Madras from acclimatised 
Havana seed were found to be fairly satisfactory in composition, the per- 
centages of nicotine and nitrogen not being excessive. When made into 
cigars the tobacco held fire fairly well, but the smoke was pungent and the 
aroma not very pleasent. ‘The samples were not well graded, and consign 
‘ments of similar cheracter would only sell in the United Kingdom as “non 
descript ” tobaceos and realise a few pence per Ib. under normal conditions. 
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Samples of tobacco were also forwarded to the Imperial Tustitute from 
Burma, with the suggestion that they would possibly be suitable for the 
manufacture of eigarettes and cheroots. ‘The types of tobacco represented were 
Yinokkye, Seninban, Narrow Leaf, Pussa and Rungpur. All these tobaccos 
-could be employed in the United Kingdom for cutting into pipe and cigarette 
tobaceos, but none of them would be regarded as suitable for making cigars 
or eheroots. The samples were too small for commercial valuation, but 
similar tobaccos would probably not be worth more than 4d. to 6d. per Ib. in 
London. It was suggested by the Imperial Institute that the area in which 
‘these tobaccos were grown should be suitable for the production of leaf of 
the “bright ” Virginia type, and particulars were furnished as to the cul- 
tivation of this variety. 

Gums and Resins.—Four reports were furnished during the year in con- 
nection with the investigation of the resinous exudation of Boswellia serrata 
begun in 1915 at the request of the Forest Department. ‘The results of tho 
investigations have shown that the resin could be utilised as a substitute 
for common rosin in cases where solubility in alkaline solutions is not required. 
‘The Boswellia resin is soluble in alcohol and in turpentine oil, and varnishes 
made from it gave a fairly brilliant but rather soft coat similar to that given by 
good grades of ordinary rosin. ‘The quality of the resin is about equal to 
that of a medium grade of American rosin, 

The “gum” has also been examined with a view to ascertaining whether 
‘it could be used in calico printing and as a size in the textile industry. Ex- 
haustive experiments were carried out at the Imperial Institute and by com- 
mercial experts, but it was found that the gum does not form suitable jellies 
with water and that it is not likely to be employed commercially for 
these purposes in the United Kingdom, 

Essential Oils.—Two samples of “Sofia” (qingor-grass) oil forwarded 
from the Forest Research Institute at Dehra Dun were examined. ‘The results 
showed that the constants of the oil were well within the rather wide range 
of figures previously recorded for this oil. ‘The samples were not consider.d 
by users of ginger-grass oil to represent the highest quality of that oil. In 
view of the variability of the ginger-grass oil of commerce it was recommended 
that authentic samples should be prepared in India and forwarded to the 
Imperial Institute for examination and commercial valuation. 

Drugs.—Two consignments of crude codeine were forwarded to the Imperial 
Institute from the Ghazipur Opium Factory for sale, A method of analysir 
‘was devised, and on the basis of the results obtained the consignments were 
sold at satisfactory prices to alkaloid manufacturers. 











B.—The Technical Information Bureau. 


During the year information was furnished by the Technical Informatio: 
Bureau to Government Departments in India on technical and commerci! 
subjects, and many enquiries have been answered from producers, shippers, 
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eto. in India, and from manufacturers, merchants and others interested in 
Indian produce or industries in the United Kingdom. ‘The following are given 
1s instances of the subjects thus dealt with. 


Rice,—An enquiry has been conduoted as to the desirability of introducing 
new and improved types of rice for cultivation on a large scale in Burma 
‘The rice principally grown in Burma is of the round coarse-grained type, and 
it was desired to ascertain whether it would be advantageous to replace this 
to any considerable extent by the fine long-grained types. ‘The opinions of 
the principal rice importers, millers and brokers in this country were obtained 
on this question, and detailed statements on the subject have been supplied 
to the Department of Agriculture. ‘The general conclusion reached was that 
it would not be advisable to alter the character of the bulk of the rice exported 
from Burma, as there is a large and steady demand for such tice, but that the 
Department might distribute improved strains of the present type. Parti- 
culars were supplied as to the points to which efforts to improve the rice should 
be directed. 

In addition, it was suggested that the Department might gradually intro- 
duce, after careful preliminary trials, new and superior types of rice, on a scale 
aged on the market demand for such varieties, which is much more limited 
than that for ordinary Burma rice. 

Wheat and Millet,—During the period under review the Bureau has 
been concerned with various aspeots of the question of food supply in Great 
Britain, including the possibility of increasing supplies from within the Empire. 
In the case of India special attention has been given to cereals, including 
wheat and millet. 

Senna,—An application was received from the Director of Agriculture 
in Madras for information as to the demand for ‘Tinnevelly senna in the United 
Kingdom and the probable future price of the leaves. It was stated that 
abnormally high prices were reached in 1916, but that towards the end of 1916 
the price in India had fallen to such a level as to he unremunerative to the 
cultivators, Enquiries were instituted as to the cause of this serious drop 
in prices, which. was found to be largely due to the accumulation in London 
of stocks of inferior grades of the leaves. These are difficult to dispose of 
in this country, but well graded leaves of good green colour can always be sold 
at satisfactory prices, and it appeared from the particulars collected that the 
demand for such leaves is likely to be well maintained in the future, Full 
information as to the position was supplied, and suggestions were made re- 
garding the production of the better grades of leaves. 

Strawboard manufacture.—A request was received from the Indige- 
nous Industries Committee of the Government of Bombay for information as 
to the manufacture of strawboard and the materials and piant required for the 
purpose. Particulars as to the process of manufacture were supplied and an 
estimate for suitable plant was obtained from a firm of paper mill engineers, 
It was pointed out that in addition to strawboard, paper of good quality could 
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be manufactured from straw. Specimens of paper made from straw were 
sent, and the suggestion was made that the manufacture of both paper and 
board from straw should be undertaken in India. 


Beeswax.—Reference was made in last year’s report to the adulteration of 
Indian beeswax. The Imperial Institute has drawn the attention of the Indian 
authorities to this matter and pointed out that the prevalence of the practice of 
agulterating the wax is particularly unfortunate in view of the present pos- 
sibilities of the development of a considerable export trade in Indian beeswax 
to Russia. 

In the past, the Russian supplies of beeswax were chiefly obtained from 
Germany, but since the outbreak of hostilities the product has been purchased 
from London. Ifa continuous supply of pure beeswax could be obtained 
from India it is probable that the greater part of the Russian beeswax trade 
would remain in British and Indian hands and that a steadily increasing 
industry for India would result. 

‘The attention of some of the principal British firms importing beeswax 
from India has also been called to this subject, and endeavours are now 
being made to ensure a satisfactory supply of Indian beeswax. 

In addition, the Bureau has dealt with enquiries from India regarding 
methods of refining beeswax and the demand for the product in the United 
Kingdom, and has supplied importers in the United Kingdom with the names 
of shippers in India. 

Information on a number of other technical and commercial questions was 
also furnished during the year to Indian Government Departments, the India 
Office, and firms and individuals in the United Kingdom and India. 

The subjects of these enquiries inchided the following 





Foodstuffs. —Beans ; mangoes and other fruits ; sardine cannin, 
dari; jaggery ; tea and coffee. 

‘Wood Distillation.—Charcoal and charcoal briquettes ; the manufacture 
of wood distillation products. 

Oilseeds, Oils, Fats and Waxes.—The hydrogenation (hardening) of 
oils ; oilseed crushing ; coconuts and copra ; poppy seed ; mowra seed ; castor 
seed ; sesame soed ; tea seed oil ; rape oil ; perilla oil. 

Drugs.—Sandalwood oil ; thymol ; opium. 

Dyestufis.—Indigo and other indigenous dyes. 

Fibres.—Hemp ; flax ; nettle fibre ; kapoke ; silk. 

‘Tanning Materials.—Mangrove bark ; tanning extracts. 

Timbers.—Teak and other timbers ; blackwood furniture. 

‘Minerals.—Bauxite ; barytes ; corundum ; _graphite-schist mica-sohists ; 
limestone ; magnesite ; manganese ; monazite ; nickel ore ; potash ; red ochre 
samarskite ; thorium and zirconium minerals. 


rice ; 
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Miscellaneous.—Machinery for cutting chank shells ; toys and other 
native manufactures ; Madras handkerchiefs ; shellac ; aleohol manufacture j: 
markets for Indian goods in European countries 

Mention may also be made here of a set of maps which was prepared 
for the Admiralty to show graphically the localities and extent of production 
of oil-seeds and vegetable oils in India and other parts of the Empire, 

During the year a number of reports on investigations conducted for India 
and several articles relating to Indian raw materials and industries were pub- 
lished in the “Bulletin of the Imperial Institute.” Among these may be 
mentioned reports on Burmese Black Varnish, Lemongrass Oil, and Nettle 
Fibre, and articles on Sandalwood Oil, the Industrial Development of the 
United Provinces, and Madras Fisheries, 

In addition, many of the general articles and notes published in the 
Bulletin contained references to Indian products. 





INDIAN TRADE ENQUIRY. 


In September 1916, at the request of the Seoretary of State for Indi, 
the Indian Committee of the Imperial Institute undertook to enquire into- 
the possibility of increasing the commercial and industrial utilisation of Indian 
raw materials in the United Kingdom and other parts of the Empire. For this: 
purpose the Indian Committee have appointed a number of Special Committees: 
to deal with the more important groups of Indian raw materials, to consider 
the results of enquizies and investigations already conducted at the Imperial 
Institute, and to obtain the views of leading merchants, manufacturers and 
other users of the raw materials of India, A list of these Committees 
attached, 

Considerable progress has already been made with the enquiry, and reports 
fon trade in hides and in lac have been submitted to the Seoretary of State, 
whilst other reports are in preparation. 








COMMITTEE FOR INDIA. 
Sir Charles McLeod, Chairman, Kast India Section, London Chamber- of 
Commerce. (Chairman). 
A. Yusuf Ali, Hsq., late Indian Civil Service. 
Sir Charles Armstrong, Messrs. Lyon, Lord & Co. 
Sir Emest Cable, Messrs, Bird & Co. 
Sir Robert Carlyle, K.OSI., CLE. 
Wyndham R. Dunstan, Esq., CM.G., LLD., F-RS. (ex-officio). 
Sir John Hewett, G.OS.L, CLE. : 
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The Right Hon. Lord Islington, G.C.M.G., D.8.0. ex-officio). 
L. J. Kershaw, Esq., OLE. z 
Sir Marshall Reid, OLE. 

Sir James Dunlop Smith, K.0S.L, K.0.V.0,, OLE. 
Sir George Sutherland, Messrs, Begg, Dunlop & Co. 

A. J. Hedgeland, Eeq., Imperial Institute, (Secretary). 





INDIAN TRADE ENQUIRY—SPECIAL COMMITTEES. 


Special Committee A.—Jute, Cotton, Wool and other Fibres. 
Sir Charles McLeod. (Chairman). 
Sir Charles Armstrong. 
George Bonar, Esq., Messrs. Low & Bonar. 
Sir Robert Carlyle, K.O..1., OLB. 
G. C. Hodgson, Esq., Messrs. Hodgson & Co. 
J. A. Hutton, Esq., Chairman, British Cotton Growing Association, 
George Malcolm, Esq., Messrs. Ralli Brothers. 
Professor J. A. Todd, University College, Nottingham, 
Dr. 8. E, Chandler, Imperial Institute (Secretary). 


Special Committee B.—Food Grains. 
Sir Marshall Reid, O.L.E. (Chairman). 

Sir Charles Armstrong. 

Sir John Hewett, GOS, OLB. 


A. E. Humphries, Esq., President, National Association of British aud Irish 
Millers. 


The Right Hon. R. B. Prothero, M.P., President, Board of Agrioulture. 
Dr. T. A. Henry, Imperial Institute, (Seoretary). 


Special. Committee (.—Hides and Tanning Materials. 
Wyndham R. Dunstan, Bsq., CM.G., LLD., F-R.S. (Chairman). 
A. Yusuf Ali, Req. 
Sir W. Earnshaw Cooper, O.LE., Messrs. Cooper, Allen & Co., Ltd. 
P. H. Denshan, Bsq., Chairman, United Tanners’ Federation of Great Britain 
and Ireland, 
W. L. Ingle; Esq., Member of Executive Committee, United Tanners’ Federa- 
tion of Great Britain and Ireland. 
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Sir Henry Ledgard, lately President, Upper India Ohamber of Commerce. 
©. J. Longoroft, Haq., Messrs. D. Sassoon & Co. 

E, Penton, Hsq., War Office Contracts Department. 

H, Brown, Esq., Imperial Institute, (Seorelary). 


Special Committee D.—Gums, Resins and Essential Oils. 
A. Yusuf Ali, Esq. (Chairman). 
Lieutenant-Colonel 8. H. Godfrey, O.LE., lately Political Agent, Baghelkhand, 
Central India. i 
Sir James Dunlop Smith, KOSI, K.G.V.0., OLE. 
Dr. T. A. Henry, Imperial Institute. (Seoretary). 


Special Committee E—Drugs, Tobacco and Spices. 
A. Yusuf Ali, Req. (Chairman). 
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List of materials received at the Imperial Institute from Government Officers in 
India during the year ended 30th June, 1917. 











Tithe of Offer Material sont, Xanber ot 

Director of Agriculture, Midas Hyoseyrmua matics «| 

Dieotor General of Commercial foe: | Kapow ts ST] 8 
‘gence, Calcutta. 

Disestor General of Commercial Intl: | Akund flows. 5. 2 
sence, Caloutt, 

Direotor Genoral ot Commercial Inteli- | Becewax . ss | 
‘gence, Caloutta. 

Dirgtor of Agucuitore, Norther Cele, | Teparybeana 6. ss | 

Diretor of Agucultar, Norther Cl, | Madagatcarbeans =. | 10 

Diestor of Agriculture, Northorn Nativoboas . 2 

Forest Hoonomist, Debra: Dun «| Bibro of Hetiteres fora. | 

Deputy Director of Agriolturs, inwin, | Riwand pdy ». >| ak 

Direotor of Agroulture, Hastern Cielo, | Jute... + 6 a] 
‘United Provinces. 

Direotor of Agriculture, Fastom Circe, | Patwa bre. 6 yee 1 
‘hited Provinoes. 

Direotor of Agriculture, Bastern Cirelo, | Dhonohabre . . ee | 
United Provinces, 

Aavcutura Aaoer to Government of | Coton 6s | 

Superintendent, Government Farm, | Cotton 5. ss ‘ 
‘indowah. 

Yibro Baport to Government of Bengal | Boflalyhorn buttons «|g 

Factory Superintendent, Benatea Opium | Codeine ss SS |B 
"Agonoy, Ghasipue 

Dirootor of Land Records and Agioul-| Fax... ee | 
tare, Assam, 











List of Reports made by the Imperial Institute to Government Officers in India 
during the year ended 30th June, 1917. 





Officers to whom Report was sent. Subjeot of Report. 








7 
| 
See 

Forest Eeonomist, Debra Dun « | Deodas oil (2 reports). 

Do. 





: to. 1 | Boswelin gum @ reports). 
Bo. a. «| Begraion (2 pe. 
121] Sota ginger grass) Oi 

Director of Agriculture Madras || | Hyoneyamus muti, 

De do. ‘Tobacco. 


Deputy Director of Aguiar, Lando, Bursa: | “Dor 
Dikeigea Agata, Gane rors» | Gtton, 
Fibre Beperto Government of Bongal <j Net Fibre 

PT Bo don | Balfalo horn buttons, 
Director of Land Rocords and Agtzalture Asam] Fax 


Direotor General of Commercial Intelligence, | Kapok. 
Calontta, 
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LXIX.—THE VOLATILE OIL FROM THE WOOD OF THE 
INDIAN DEODAR TREE 


BY 
~ * OSWALD DIGBY ROBERTS. 


‘The deodar tree is widely distributed in Northern India, and is a native 
of the Western Himalaya, ‘The timber is now being used for conversion into 
railway sleepers, and in the process a good deal of waste wood is produced, 
which, it has been suggested, might be utilised for the distillation of volatile 
‘il, just as the waste wood from the “pencil cedars” of Florida and East 
Africa is employed for the manufacture of cedar wood oil. 

The botanical relationships of the deodar are not yet fully worked out. 
Some authorities regard it as a definite species, Cedrus Deodara, Loud., whilst 
others consider it to be a varitey of O. Libani, Barr, ‘The genus Cedrus in- 
cludes two other well-known species or geographical varieties of O. Libani, 
namely, the Atlas cedar, O. atlantica, Manetti, and the Cyprus cedar, Q. brevi- 
folia, Elwes and Henry. ‘The volatile oil from the wood of the Atlas cedar 
hhas been examined by Grimal (Compt. rend., 1902, 185, 682, 1057). 

Deodar wood oil has been already examined by Schimmel & Co. 
(Geschiftsber., Oct., 1914—April, 1915), who recorded its constants and 
isolated from it a ketone, apparently identical with that found in Atlas cedar 
‘wood oil by Grimal (loo. cit.), but were unable to identify the sesquiterpene, 
also present, with eadinene, which Grimal (loc, oi.) isolated from the Atlas 
cedar oil he examined, 

‘The two samples of deodar oil examined by the author were received at the 
Imperial Institute from the Forest Economist to the Government of India in 
1914 and 1915 respectively. 

Both samples of oil were of reddish-brown colour, and possessed 9 charac- 
teristic balsomic odour. ‘They had the following constants : 





@. n). 
DE i ee Conde 0750 
oBinatomm.tube . +8246" +340" 
moo, 15105 1.5225 
Acdvalwe =. 6. BG 4s 
Retervalue 6 0. 193 49 
» —alteracetylation =. 208 att 
Solubility in 90 percent. leobol -Notsluble in Mistbl in alt 


20 or less ‘proportions 
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The following fractions were obtained when the oils were distilled under 
atmospheri pressure : 


Fraction. Holling point, Serpe). Sample (X), 
Percent, Yo ca 

1 230-2007 DIE 00405 oar 
att soe’ 429°0" 

Per cent, 25 16 

2 200-270 DHE 0.9407 0-9430 
oe +5 har 

Per cent, a m4 

3 a—280 Di 0.9408 0.0482 
a +s +2078 

Per cont, 10 38 

‘ 290-0 DIE ong 0.9004 
at a piseay 

(Percent 2 ” 

Reaidue oh ophe S 10821 


Description of Fractions. 


Fraction 1 was of pale yellow colour and contained a ketone the odour of 
which characterised the original oil, With ferric chloride this fraction gave 
blood-red coloration due to the presence of a phenol (see p. 794). Fractions 
2 and 8 were bright yellow in colour, somewhat, viscous, and possessed very 
little odour. In the case of the first, sample, fraction 4, whioh was dark brown 
‘and very viscous, deposited some crystals on keeping ; these proved to. be 
stearic acid, resulting probably from the decomposition of an ester. 


Isolation of a Ketone, C,H, 


This ketone, which does not combine with alkali sulphites, was isolated 
from fraction 1 by means of its semicarbazone, which after several orystallisa- 
tions from aleohol was obtained in colourless, glistening leaflets melting at 
163~-164° : 

01805 gave 04282 CO, and 01492 H,O. C=616; H=87. 
01996 ,, 0815900, ,, 0:1100H,0. C=61-7; H=87. 
O,H,,0N, requires C=61'5 ; H=877 per cent. 

‘The ketone in fraction 1 reacted with hydroxylamine to form an oxime 
which could not be obtained in a solid condition, but combined with bromine, 
producing a solid dibromo-oxime melting at about 130°. ‘The ketone has an 
odour recalling that. of amyl acetate, and is probably p-methyl- A *-tetrahy- 
Aroacetophenone. ‘The latter substance has not been identified previously as 
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a constituent of a volatile oil, but is obtained by the oxidation of f-terpineol 
(Stephan and Helle, Ber., 1902, 85, 2151). According to these authors the 
odour of this ketone somewhat resembles that of amyl acetate ; the ketone has 
b. p. 685—707/4 mm., D' 0-9435, ni 1-4749, and its semicarbazone forms 
colourless leaflets melting at about 160°. 

Decomposition of the semicarbazone by dilute sulphuric acid and distilla- 
tion with steam yielded, however, as chief product, not the original ketone, 
Dut a fraction boiling at 222—224° (uncorr.), which had n2? 1-4960, and fur- 
nished a semicarbazone melting at 204—205°, This appeared to be p-tolyl 
methyl ketone, and this conclusion was confirmed by the produetion from it of 
bromoform boiling at 151°, and p-toluio acid melting at 178—179°, by oxidation 
with a 4 per cent, alkaline bromine solution, ‘The acid obtained did not de- 
press the melting point of pure p-toluic acid, and was oxidised by potassium 
permanganate to terephthalic acid, leaving no doubt as to its identity with 
ptoluic acid. This ketone is apparently identical with that isolated by Grimal 
from oil of Cedrus atlantiea (loc. cit.), which gave a semicarbazone (m. p. 
159-160") and & dibromo-oxime (m. p, 132—18: 











Tsolation of a Phenol. 


Having removed from the original oil by treatment with dilute sodium 
carbonate solution a small quantity of free acids which appeared to consist 
ninly of acetic acid, the phenols were separated from the oil with a 5 per cent. 
solution of sodium hydroxide, the amount obtained corresponding with 0-4 
per cent. on the original oil. ‘The substance possessed a sweet, phenolic odour, 
‘and was almost insoluble in water. It produced a deep blood-red coloration 
with ferrio chloride in alooholio solution, and yielded a benzoyl derivative, * 
which orystallised from dilute alcohol in small, slender needles melting at 70°. 
No phenol with these properties appears to have been recorded as a constituent 
of a volatile oil. As the second sample of oil contained less than 0-1 per cent. 
of this phenol, further investigation was not possible, 





Hexvio, Heptoic, and Stearic Acids resulting from the Hydrolysis of the 
oil. 


After having freed the original cil from acids and phenols, it was digested 
‘on the water-bath for two hours with excess of /2-alcoholic potassium hy- 
dtoxide. ‘The product was shaken with a laxge excess of brine, and the clear 
aqueous liquid separated from the oily portion and submitted to steam dis- 
tillation in order to remove the alcohol together with traces of oil. ‘The residue 
from the above distillation was acidified with dilute sulphuric acid, steam 
again passed in, and the distillate collected in three fractions. In fractions 
Land 2 insoluble acids had separated, but fraction 3 contained very little 
acid; the odour of fraction 1 resembled that of n-hexoic ecid. Silver salt 
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prepared from these fractions by precipitation gave the following percentages 
ofsilver : 
Fraction 1; 0-1106 gave 0-0540 Ag. Ag=488, 
JH,,OeAg requires Ag=48-4 per cent. 
0612 gave 010278 Ag. Ag=45-5, 
FH, ,0Ag requires Age= 45:5 per cent. 






Fraction 2 


Hence these volatile acids would appear to consist of a mixture of hexoie 
and heptoio acids, 

‘The oily residue remaining after the saponification, and precipitated by the 
brine, was semi-solid owing to the presence of sodium salts of higher fatty 
acids. It was shaken repeatedly with successive quantities of water rendered 
slightly alkaline with potassium hydroxide, and from the combined aqueous 
extracts the acids were liberated by dilute sulphuric acid, ‘The crude product 
was dissolved in hot alcohol, which on cooling deposited steario acid in 
crystalline lamina: melting at 71°. ‘The acid was converted into the silver 
salt, of which 0.02119 gave 0-0585 Ag; Ag=27-60. (Steatic acid melts at 
69:3—-71-5° according to different investigators, and silver stearate contains 
Ag=27-62 per cent.) ‘The neutralised mother liquor from which the stearic 
acid had separated was submitted to fractional precipitation with alcoholic 
silver nitrate, ‘The silver salt was in each case reprecipitated to free it from 
impurities which were present in appreciable quantity. ‘The various fractions 
gave the following results on analysi 


Ist precipitation : 0-108 gave 0-0361 Ag. Ag=27-59 per cont. 











2nd » OL41G ,, 00300 Ag. “Agm 2754 ,, 
3rd » O1270,, 00385 Ag. Ag=2637 ,, 
4th » 01950, O0520Ag. Ag=2606 ,, 


‘The decreased percentages of silver obtained in fractions 3 and 4 are due 
probably to contamination of the silver salt with non-acid impurities rather 
than to the presence of some other acid. 

‘The second sample of the deodar oil contained a relatively small percentage 
of esters, and no esters of stearic acid were found. 


Isolation of a Sesquiterpene. 

‘The principal constituents of this oil are sesquiterpenes, which appear to be 
associated with a variable amount of sesquiterpene alcohols, a high proportion 
of the latter being indicated by a marked increase in the gravity of the oil, 
‘8 greater solubility in 90 per cent. aleohol, and also a correspondingly higher 
acetylation value (compare constants of samples I and II on p. 792). Having 
freed the original oil from free and combined acids and phenols by treatment 
with alcoholic potassium hydroxide, it was distilled under atmospheric pres- 
sure, and the portion boiling between 250° and 280°, which constituted the 
bulk of the oil, collected separately. After prolonged treatment with sodium. 
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with many distillations under diminished pressure, the greater part of the 
product was found to consist of a fraction which boiled at 151—158°/19 mm. 
‘or 262—265° (uncorr.) atmospheric pressure. This fraction was a colourless, 
mobile liquid, and had Dif 0-9319, a'3 + 16°51’, n' 1-5150. (An otherwise 
similar fraction obtained from the first sample of oil had a’ + 58°34’). Its 
solution in glacial acetic acid produced a characteristic colour reaction with 
concentrated sulphuric acid similar to that of cadinene : 
0-1883 gave 0-606 CO, and 01949 HO, O=87-4; H=115. 
,sHa, requires O=882; H=11-7 por cent. 


‘As it was not, apparently, entively free from oxygen, the faction was 
Aistilled over phosphoric oxide in order to determine whether this would pro- 
uce any alteration in its physical properties. The product which boiled 
‘at the same temperature now had Dj 0-9276, a’? + 14°86’, nb 15170, and 
0-1368 gave 0-4399 (O,, and 0-1424 H,0. C'=88-0 ; H=11-6 per cent. 

Attempts to prepare solid derivatives of this sesquiterpene were unsuccess 
ful. Hydrogen chloride was absorbed with avidity when passed into a cooled 
ethoreal solution, and when after keeping for some days the ether was evaporat- 
ed, most of the combined hydrogen chloride was thereby expelled. ‘The resi- 
due distilled at 145—158°/10 mm., and the colourless oil thus obtained had 
Dif 0-956 and contained only 4-9 per cent. of chlorine : 

O,gHayHCl requires HCl=16-17 per cent, 





Summary. 


‘The composition of the volatile oil from the wood of Cedrus Deodara, 
Loud., a8 indicated by the results of this investigation, is as follows’: 





Per ont. 
about 2 
from O47 to Oot 
from 1012 
ftom 50 t070 
Sesquiterpene Alcohols. —These inpensi to constitute the remainder of the 
oil, associated with high boiling, viscous, decomposition products, 
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Departmental Publications. 


L—Memmonorocrcat, Dxranmcmen— 
Government of India Offce. 

(1) The Indian Daily Weather Report and Chart, 

(2) The Weekly Rainfall Summary. 

(8) The Monthly Weather Review. 

(4) The Annual Summary. 

(6) Tho Rainfall of India, 

(6) Indian Meteorological Memoirs, 

Bengal Office. 

(1) Bengal Daily Weather Report and Chart. 

(2) Monthly Rainfall Tables and Summaries of the obief feature of the weather of 
‘the month over Bengal. 

Bombay Office. * 
(1) Bombay Daily Weather Report and Chart, ¢ 
(2) Monthly Abstructs of the Bombay observations (Bombay Gazette) 
Madras Office. : 
(1) Bombay Daily Weather ‘Report and Chart, 
(2) Montbly Rainfall Tables (Jadras Gasete) 
Allahabad Office. 
(1) Monthly Weather Summarios (United Provinces Gazelt), 
(2) Annual Summary. 
(8) Monthly Rainfall Tubles (United Provinces Gazette) 
Lahore ne one 
(1) Monthly Summary 
(3) Anmaal Summary Jef Punjab weather, 
1L—Grovoarvat. SvavEy. 
‘The publications of the Department inolude— 

‘Palaontologia Indioa arranged in series, and sold in parts which axe priced at 4 
‘annas (0 ponod) per plate. 

Memoirs, Vols. I—XLULL, including the larger papers on goologioal subjects. 

Records, Vols L—XLVIL, including the shorter papers and Annual Reports 
‘from 1808 +0 2615, sold in parta, price one rupeo cach. 

Manual, Guides ond Maps. 

‘A complete list of the contents of these publications ean be obtained by applica 
tion to the Registrar, Geological Survey of India, 27, Chowringhos Road, 
Caleutta, 

Indexes to tho Genera and Species described in the Paleontologia Indica up_to 
1801, to tho Memoirs, Vols I—XX, and to tho Records, Vola, I-XXX 
have boon printed for sale 

TLL.—Sonvey ov Lou. 

(1) Annual General Report, 

(2) Professional Papers, 

IV.—Boratoan Sonvay ax Rovat Borawto Ganpen, Catcurra, 

(1) Annual Report of the Botanical Survey of India, 

(2) Reoords of the Botanical Survey, Vols. I—VIIL 

(8) Annual Report of the Industrial Section, Indian Museum, 

(4) Annual Report of the Royal Botanfo Garden, Calcutta, 


ii 
j 

(6) Annals of the Royal Botanio Gacden, Celotta, Vols, XT. 

A liat of the contents of the Records and of the Annals with prices of the numbers 
‘and volumes still available can be obtained by applying to the Superintendent, 
Royal Botanic Garden, Caloutta, 

V—Dzpanmwey oy Aontcontune, 

(1) Annual Report,—An acoount of the year’s work of the Imperial Department, 
‘including the separate reports of the sofentifio officers of each branch (Agri 
cultural Chemistry, Botany, Mycology, Entomology, and the like) 

(2) The Agricultural Journal of India.—A quarterly journal containing articles 
on agricultural matters intended for the eduooted agrioulturist and the general 
reader interested in Agrioulture, 

(8) Solentifio Memoirs of the Department of Agriculture—An ocasional publioa- 
tion for papers of a scientifi or technical nature divided into series such as 
Chemical, Botanical, ‘Entomological, and the like, 

(4) Balletin.—An oecasional publiostion containing information on agricultural 
matters of temporary nature, 

(6) Leailets.—Short notes of practical instruction in agricultural matters, dealing 
mainly with entomological subjects, 

VL—Fonesr Dgranramyn, 

(1) Reviow of Forest Administration in British India by the Inspeotor-Ceneral of 
‘Forests (issued annually), 

(2) Annual Progress Report of Forest Administration in each Province,—I 
the Local Governments annually, . 

(9) Indian Forest Records. 7 

(4) Indian Forest Memoirs, 

(6) Tho Indian Forester—A monthly Journal of Forestry, Agriculture, Shikar and 
‘Travel. This is a Departmental Journal, published monthly. 

(6) Bulletins are published from time to timo. 

VE.—Zooroorcat; Duranracent, 

(1) Tho Annual Report, 8vo. 

(2) Tho Records of the Indian Mudeum, 8v0, Containing short papers on Indian 
zoology, Ono or two volumes issued annually in quarterly pasta 

(8) Tho Memoirs of the Indian Museum, 4to, Containing monographs and other 
important papers. Published at irregular intervals. 

(8) Deveriptive Catalogue of Indian Deoapod Crustacea, dto, Parts published at 








issued by 





frrogular intervals. 
(5) Descriptive Catalogue of Indian Echinodermata, sto, Parts published at 
frcogulat intervals. hg 
VUL—Orvir, Varrwatwany Derannsann, a 
(1) Annual Report, 
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